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UNCLASSIFIED 
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£    MMl PtSTIMIUTE 

9 
N 

V 
THESIS 

A aimcrftccnsc* CCWTIICLIIE AUTCMATIC 

DATA  UOOQim  SYS?»   1 AOL) 

by 

Jar.r Qftvli   :»«*o 

JUM  197? 

?*••!• A4vlsor                                    0«"i« $—* •11 

A|ipr3v«4  for public  r+l—mm%   U»trltution unlialt«4. 



4 

9 

Naval Poat«ra4uata School 
»antaray.   California 9J«*C 

I1IWI II — IWW 

Approval  for public  ralaaaa.   liatrifcutior.   «niimtt««. 

alcroprocaaaor.   lifital  control. 
acajulaltian 

Thia Hptr laacriboa a iifltal.   alcroprocaaaor oantrolla« 
tet« aaauialtion ayetaa «Uleli »ptUlsaa aan/aacnlna 
:oa»-nlcationa.   Tha procaaaor proviaaa  Jl«lt«i   faadtacc   ?ontrol. 
iata collaatior. r»ar ary ruaabar  of cftamaia    4  to •',   )2 BIT 
floating point    - «ly.lflcar».  1^1 tj_aajftaajatlca_,_aia_ 

nK*5S*   a»«a»a»'^»««.ia»iH IWCLaHirUC     ^ 



ft vurioty of output foraftto. ft« atln fo«turoo of tu« j«vio« 
ftp» tftft ftftlllty to vor* In any nuftwrloftl unit loolrod by tno 
uftftc, MthMfttieftl noioo f11 tor In« •** ftutftaatle  fooftboc* 
oftfitrol. 

Aft pftrtioulftr ftftllofttlftfi unftor conftlftorfttlon is 
•utftfttttle ftfttft solloctior. on* ftASlft-of-ftttft«* control  of ft 

le wind-turn«:.  Dot» aro prooonto* to <—ootroto tn« 
lftflfinf cftftftbllitoo of tft« «yoto*. 

1 

a 

• 

.     ..  ! 

"SB;., UTS 

2) * 



HHl"t  f*t M**lc (IINMI  41«trlft«tl*4 «»UaU«4. 

ft    §4 SflWHfc» TIC  »ftfft   U4I1M 

„.»SEaS-Sttffi^H. 

MMttM4   U   MrtiAl   t*lflU»«»t   af   tft« r«««lr«*«ftts foe  tM l*ftM >r 

UirU   or  SCXMCT   t>   ftflO«A»TICftl   IKIUIIII4 

fr«a m 
MfU  tOSTMAMAfl KMOl 

MM 

ft«tfcor: 

ft»»"***   *T: 

Uu*. u.^X-:^ 



taia    MM*    «aaailaaa    •    «ifital.  alataac« 
ttalla« «ata     aaaalaltiaa    afataa    alia*    aft lall 

•     C4MMU|tl»M.       TU      pt4C«M«C      »CaVlta« 

«laltal tilülO caatrai, «ata eallaatlaa **«c «f 
IMMt «f CUUIII IM ta «|. 12 Iff float ia« M^t I* 
aiaalftcaat «Ifltl Mtk«Mtici, *M • »an at 7 «f 
aataat («iNU. n« Ml* fa«tat«a «f taa lavlaa at« 
tt« «ailltr t« Mri «Itaatlf la «*y aaaacicai «alt 
««•ist« af ta« «a«r. atttaaatloal IOIM fU tar I at aaa 
•ataaatic  faaaaac« caatral. 

Ta« pact Ic alar «palloat la« aa4ar coaaiaoratiaa la 
aataaatlc Uta «allaatioa «»4 *afla-of-attaa* cootrol 
•I a ooaooaic «la« • taaaal. flat« ara »c«aaaca4 ta 
liimtm« ta« iata iaafla« saaaaillelaa af taa 
a?at«a. 



•^ 

tmi o# c 

i.    imoMcvm. 
A. 
t. 

It.    ifatii MactitTtoi  
A.    ttftiMawtt  
t.     AAVtCI  AiAtCTIAl  
C.     Xlttf/OftMt  MVtCU.... 
t.    rwcrioH» ucuricftai. 

1.    A««c«l  
It    I at«»« I  

tit. 
•ATI Mf IHTIOI  
1.     Mit     
a.   tAtf  
j.   tar ACAI  aa 
AC«AtAtrt«a COCtAtM  22 
1.     tlAA  12 
a.   ACAi  aa 
i.   Mti  ai 
•.   •••  a« 
mi •AtifftsAJci  at 
i.   tttt  at 
a.   mi  n 
I.     Mit  H 
• .    AtBAf  H 
t.     CtVK-ft  AA 
A.   Cltti-l  it 
t.     Clflt-C  IV 
A.    CtffAA-t  n 
V.   tAMtff  at 

I 



If. 

tl. 

IIMtUf. 
tlVUCIflN. 

OfTCAfl  MSI«! 
bflMA  •• 

At     «LOSlMt  t«1 
•l      tl»»«  »A?A  »M 
Cl     MtlMAfftCl »ACIAAt  Ml 

utt or iirtnacM  tu 
mnu lUfiitATiei HIT  ui 
Ulf «V  rtAAtll  T 

^_ 



1 

litt or riMtif 

I.     IMIM  MS  *!•%•• UfMt    M 

a.   441/444 iitMiM«  n 

I«       t/l   CNIUllOt   IfMU     1« 

• .     •«•«cic«l   tat« cat*«rsi4* •«tk*4s    ft 

S.     Mti taflaitiM  «Mpi«t    M 

4.     Kll • »• »ft  ••••pi*«    II 

T.     !s»t«r«t  Ufi<  •«••fl«    12 

•.   WIT *»< TIL* ••••»*••  M 

t.     •l*4-t«a*«i  t«r«  tat«    I* 

1«.      1114-tMMi   4tt«   r»ft     9% 

II.     tut «f  iu4-tuiii  i«t«    M 

II.       4sp<M««ti«J    iMMt   «Ulli«!      IT 

II.       rUt««   «f   4M   CMfNHtl     «4 

I«.     **« 1 •-•!-* tt*c«   (M4MCI   i—p    «I 

Ift.    MIM «»4 «lite*  Ciit«r  l«fle   «I 

14.     «tr*  r«l«f 4clv«r Ufic   — 

IT.    o««ctfe*«t/«ft4«c«««*t c«rr«cti«*  lafic   •§ 

14.     tst«ts«l  ItflM ««Btcal  l«flc   «4 

it.     • •» CNtlM l«flc (ftrt   l|  0 

24.     • ••  tMtlM lefic   |p»rt  2|   «4 



fM iitMt  t«*oa ta« ooportooity to •«•*«•>• ala    oo*t 
r« t*«a*o tc Cll. 0«*W Caavoll, »It. tMlll «awlooc, 

for bis loaiatic ««»port aai p«t»«ac«; to »c. IMU scaau»., 
c«>-«4»ta«r for ta« payaical ««MM of too iOL ayatoa ooi 
•to« tooool latoctaca; to ?o« •«•too« catof tocaaicta» fof 
ala tiroiooo  «al eaawcfal  tt—»laaa—ttaa. 

Soasial to»«»« «o to c»«rl«« Lost«, »rooUoot of 
cio»04T» Caipotatioa, «ootocoy, Calif era la foe mo I«MI»«< 

ioaa of  ««.aloaoat   ••«   Ucumtt  «afiaf «   oocio4 of  tataowr« 
MlfOOCtiCO. 

loan  of all,  taaaas to ay ftally    tos    taoir     «all««« 
a«F«ort  ao4 aaaorctaaliAf. 

» 

... . 



1 

I. 

4.      •*CI3*M10 

Tt« «at of aicxaproccaaora d-f) t> control ttnow 
iMioj tai alfltal iavicaa »*« fraaa «ipoMcruU? xa taa 
MX taa yaass. 4pfllc«tloaa t««a# ttoi fl tHJii ;•••• «»4 
•nut' traffic Ll^ita, tj i&4a*trial plaat aoaitaca aa4 
aift aa*«4 4ata aaafllaa» ?•• atat«-«f «taa-aft tf-f at taa 
t*aa af tai« lrtttlj i« «a« ItTfl 4*a4. raia aiaala 
iata«rat«4 circalt   caatama: 

1.     Caatsal »taeaaalaa tait   {:••) 

2.     If  aft«« af  araaaala,     »rofraaaaala,     raa4-aalj     aaaory 

(It ten 

J.     <*-*  ay taa «4  caaioa «ccaaa  aaaary   ftffi 

a.     a-ilT  tatarvai  tiaac/avaa*  coaatar 

».     cioci  4*l*ar 

la    a44xtia»,  ta&a  lavica  Iraaa oal»   »SO  ailliaapar«   (aa)   at 

t »alt a   <»>. 

t let a«yac«aaac a aava jraatly »aaaacaa taa taaartaat 
tactaalojical «aa* icatio« eall«4 aiSTUMTfC »TILLI4IK4. 
ft aaaaala, raatiaa - aat tia« coaaaaia* • eaaraa aaoa aa 
aatallal ta aana. Aata cotvaraioa, «-y »lattiaa., aa,alf*aat 
aalllaa, a«c. «aa aa caattalla* aa atta. taflaaartaa 
aaalyala af aaca las fa lataceaaaactaf aaaayataaa raaacaa ta 
a    *ala«t    aai'   ataaiaa rataac  taaa  taa  aor» caaalat araaiaa 



of   coatroliao«  CMMiJ  «a«  cootrol. 

»IlCOMIOfJ 

Tfci»   r*i»«t   aowertao»   ***   ooOOlopawBt   «•*   cotit;«eti»r.   of 

• a «itocitu lot« iaffaaf ayatoa (4*Lj oft left i* coofijaxo« 

vl« ooftoar« to »«it • H^utit: applicatloa. Ta« soft»«!« 

aoait lcatua  i« lyaaale .a     aataca,     «tui     aaaaa     tkit    ta« 

• ft.«« oporatot •••4» oaiy to »yp« :a • !•« aiaplo COVMIU 

to etaaa« to« «rot«« laaat/oatpot |I/0| to aaaaaro *ol»a, 

foot, pal or aay ota*r jaaat.'f iiroctly oitaoat ostoraal 

ftaraoaco ao4ificatioa or i4)aataoat. Ta« r««j«ic«a«ata for 

to« ifi't« aa4 «a over oil l«acriptiaa cf too 491 ftotaoaro 

or« o&voa aa caaptar II. Cftaptor III iiacoaaaa too :.>oa«n« 

•or 4* availaalo a^oao «it ft «aaaploo of actaal ootpot. 

Cooptoc *v proaaata « ipfitu- applicattoa of too ayatoa. 

«aiioiiaoa foe latocfociaj too 4i?it«. tooiaoci coatroi 

.'•tc'.uk aita iiaot« typoa of oo.«ipa#at ac« alao aiv«a. 

Caaptoc t coataiaa tao aoftoac« aaaoaal/ .ut:u «o ooll «a 

fiovcaart« ani oaplaaatioaa of tao aoro tapartaat roatlaoa. 

Caaptar ffl tiacaaaaa ta« ••• of i-r loooiopsoat ayatoaa aal 

alv«a racaaa«aaat»oaa foe aaftoar« Sovolopaoat. 4pp«a4li 4 

la a jloaaary of >-* aai 4ata «Cfaiaitioa tosaiaoiaajy «tie* 

la  aao4   taroaaaaat   ta«  papor. 



11       jlillf 2UUl£IIil 

• lO«ziiaM?s 

taa p«:;o*«a of a :• • 4 Loajia? afata« MM taofo:*. 

fie at, • •>« tyataa •««* a« aal« tg las« caaliaaa fsa» • 

u:i«'f of payaicai i«t;j«i. S«coa4, taaaa raaU-w* aast *• 

co;f«,'«: .-:.. • : ora aai*aala for lata ralactvoa aaa aaaaa 

latarptatatioa. ra« JC». UI aaa of aac* « afat«a 1« taaiaa 

4ata oaa: «i*r«»«i; . >-i; J: ai*.;aa«*/ aaort »la» panola. 

fllt«r;t>4 oat MIM, coatt^illaj as*-azaa. aaaata aaa1 

?tciii;s; »afcaiar aii/oc jsapaica* oat par. «.*- • »• aaova 

la   aia3,   taa   foil^aiaa   ra^ui r«a«nt«   »r •   aafiaad: 

1. • c*aaaala  »i   a aal**   lap»* 

2. 1   caaaaa*.   fat    Ufitai   t««4aac«   eoatroi   jf   tat«  aitaraal 

aav.ca. 

i.     Plaia     .«L^«4(«     aaa/aacaiaa     ia*arSaca  via  aacial  lata 

tsaaaanaanoa. 

«. I«i44.    t»l  aatoAa'ic   t*ta  acqaiait &oa   taactioaa. 

». Liaita«   iata   aaaipul« t ;oa. 

4. taltiplasa* «xaltai  aoltaatac  fi»c*i«. 

7. uaitai   tait   fiia atora pa aai a«Utiaa. 

It itJit.J aa poiata* oat taat taa aaoaa t»^4.:»i«r. a«ra 

aafiaaa aita taa a*al-taai«l coatro* faactioa it aiaa |ca. 

Ill .       laaartaaiaa *.     taa     caacapta  aay   B*   aataaia*   ta  otaar 

applicatioaa  aata  aiaor  aoftaara  aoiif ic«t toaa. 

n 



»ttXCl  «alKTXOf 

* atxictlf »ar*aac«-«ri«a«ai ;afl«*M'.itui of taa 

• yat«a t*fUtM«tl • «« «st • »a»ll ilt«(s«r;M ia« to tM 

laaaraat ^:i«iu..nr it aaca laaiaaa. karaa aealo caaaatac 
lastailatlaa a«« pcok.Bo.ti*« fro« cost ial ••«•r-ttiliatiM 

oiuU«t«tl4M tt ««« tMttfor» i«Ci4aa tj «a« «a toatiaaia 

•;.-:o?f>oMfci - •»• I »Til «444 - *o ;a?i«a«at «li looic a a« 

««*• aaaisatatioa f«acti«aa. :v.-a J-? lavica i« •*« a «art >< 

»a«     »IJOLJC      ;jt?u«t.j«   #44   i.JDpncoijr   afa*«a. Ptoar« 

1 .* * «ca«Mt:c of tM «44 a»at«a Ufo** •• ao4i?i«4 far 

ti.i ptJ'Kr. aaaaatii I :«Mii «aaior i^tcilu'ituu far 

aaaa. "14a:* 2 aaoaa taa avarall avat«a layoat iacla4iaa 

t a« coaaaao taa coaaaaicatioaa liaaa aataaaa tu« ajataa 

coaaoa«a*a  •a4  *a»   »p«ratJC. 

:a»7?/oaT»0T aivxcav 

*»• aaayaacaia« Laaartaca N« taa aaat ilfficalt t«ci to 

iaf)i*aaat. raa M'JC tlffaaaltf ««a aot la taa ?af«ical 

.f.«r(«c«, sat tao laaoaaq* *»«i foe t«o-««y coaaaalca'loaa. 

4 aoftaar« 4n*«a lii-D r«i«tr?« aaa «*a4 f-»r coaaaa 4 

aatrj, 4«t« ?raaaatat ioa. aa4 taat faactaoaa. altao«aa 

t •««»*«*• trivia« «a a taa :M t;at, taa tiaa «aUfa taaalaa« 

aro «till aaca laaa taaa taa aacaaaicai tiaa aalafa of taa 

ralaya  aai  4nvia«  aotar*  «aict  taa 1-»  la  caatralliaa. 

a sroaa af «taat itaitTT »«ciaao MaMW tiaaiar 
ii«ata m%» «aa4 to laalaavat taa 1*4.tal *oit«a>tar faactlaa. 

Taia i.apiaf is *mm€ to aat «a#Ufl«r oaiaa. oat aalla tat 

to     »«riff  »aat  4a ta  praaaat   aa  a  aar*icalar   laaat   «xo  a«ia« 



Himw4  Sf  tM  «rot««.   Ta«   It «at   alaslaf   ;»  ootttoilH  (U 
«•ttooco to  iissUy lot*  is ««it«. 

•» ta «Hit ctut«l> of ««olo* ioto *«r s« a«itial«s«4 
(DlTli ••-•! lato ta« »oa»U-aaJ-asii «sit (Mm SaV-af . •• 
• tMt la tijoso >• **• iMl^-'j-iwiM, (ly* e«av«ctof 
(DATli IK- UH aas IHH r«*oUt;M o««c » 20-»olt raa««. 
?*•«• tar«« i«*utt ar« also srl««* «la «oftooro ia ocaoc t« 
arc«too utiow tia« 4«i«f• Sot «so« «ata ossslos. to« tisw 
4«l«f« ar« «tlliao« to sstaosstxcallf flltor oot *»• loool 
aoi«o aal 4/0 «iitcaoo froa tao aystoa. Appaaai« * coataiaa 
*«a*sr  iota   for too asoso  aoatuoo« lovicoo. 

raiTTXcaai. ikiirirju 

Tko priaory »i»ii'»j« jf a aoftooro coafijar«« 
oyoto« to tao* ita proc*»as*a<- faacta^as aad I/o ca* a« 
aooifio« oiioot oatoraal aartooro 44 Too* as at. !>u tsslios 
tkat tao ofotoa ; itoMMt » 'oaoorol ;«r?o»«' «.««llty. 
««••Mt, • :oaffM;M «oat ao aaio aotoooa • cassiotoiv 
oossral oyotoa a«4 ->•• oaioa caa ao «ooily iaalo*«ato4 Of aa 
oaoratJc «ao ass ixttl« taooio4«o it ta« >potat.&4 ayat«* 
(0*1 aoftvaro >i of tao lyaaaics it ta* •v«toa froa oaica 
taia P«IMI is colloot is« lata. Xa or4or f«r ta« «ata 
I000.104 «f«t«a to a« a««4 «ff«cti«oly ay itilMti la « 
variotr of «sflsooriso. lisclplia««, tao OS «a« a«t JO to 
ostiaiso ui/MCkn« latococtioa. raas. ta« os«cat«r a«a ao 
eoattol »vor «««a ?«rao*>t*rs as r«laf aa4 (tit* totst 
troassortotios lof. T*«s* aartieviar oyotos »sraastora aro 
'. u*4 (a«« caastor :t» a«* otill »r««t«o oi4« asslicatioaa 
aaca as  at««« p locos« at aa4 aaol« asttiao.   alta«««a  oa»i« 

»J 



it   im  «ort«  asatioolaf taat  ta« (M4MCI co*t<oil«4  ao««a««t 
•f       4«      «tt«Cft*i       lOVlO«       Mf       Mt       «•       COllCtlMt    «ltB   «At« 
«c<|«xs4*ia« ««1 r«««ctioa. •« tu« f.« caa «orfora oaly «•• 
foactioa «t • ttM. I« ««aarai, t«« latoraai «ata aaasMia« 
ot   ta«  •icc0|.coc«s«oc   U  tr«asaar««t   ta ta«  «a«r. 

2. 

fl««r« • 1« • flo«ci«rt af tu tatic itMtutl teti 
coitcitiJ« ptoc«««««. «oto t*«t t«o l«v«l« of eoa*«raioa 
t«a« »i«c«. Ta« ftcst loo«l coavorta lata froa ta« u-üT 
aiaary »ro*i««4 by ta« k/i :««i«tui lato a aaaarical 
*oit«o« aat«aaa -10 aa4 *10 volta. Taia iat«r»alati«a 
coatlao ia call«« aafor« aay r** *•*• **• procoaaa«. Tao 
aaat 1«««1 of caavaraloa ia «ccoa»li«a«4 «lta a acalla« 
roatiao «alch caaaoae «oita*« aalta tat« aay «ait ioaur«4 ay 
ta« i««i. :f ta« «aor «aa« aot aaacify « aarticalar acaiia«. 
factor, tao ayatoa 4«fa«Ai« to volta for ail I/O 
praaaatatioaa. Scalla«. factor« can ao c&««f«4 at aay tia«, 
oa aay of ta« laaat caaaa«la; liff«r«at caaaa«;« aay *•»• 
41ff«r«at  «calia«  factora. 

:a« aataaaatica aacaa«« «a«4 ia froa ta« I»Tll Jsara 
Liarary aa« ia «lacaaa«« ia aaa«a41a C. iltao««a ta« aa*a 
pacaa«« aarforaa «11 oaaratioaa <tita ? aiaaiflcaat lifita* 
aaaarlcal o«t»at .« rosa««« to 4 aioalflcaat «laita f «ita 
caolco of «sei aal or aapoasstial aotatioa ). tat« «aa aas« 
•o laare«« r«s«astlity of taaslat«« o«t»«t aa« to asrslt all 
•ifat caaaa «1« to a« arlata« i» ta« lislts« aase« ar«vi«s« 
ay ta« t«l«tyaa. Ta« omly «acsotisa ia ta« »sir restlas 
tea. XIX}. «axca alaaya oataat* f llflta. tala la asesass 
acalla* factor« of «• to t ilfita caa ao oatars« •/ tas 
oaoratoc   taiss fl«.  a| . 

Tas  «scissl  foraot   arssssta «ata  a«t«s««  t»«JM •    aa« 

1« 



Mf—   !.•••!-*•  «a«   »•.•«aW.     All   MMticti   Mta*f   af 

caaaMl  »aaacra.   »kick  •<• oalf  aaftfla ilflt  iat«*«ra. 
tka o»«c«tor  eu a«  U  «it»*r  tt—t   ,   «ltd taa «icaatiaa »f 

14 

J 



1 

i * m v*<* loiular    -r.itr.ct:  r 

• • OT of  tft«  U-l   component« 

C - Ml Ml onfvancoi  • span« 1 en. 

D -  Input port« 
I • Output pert« 
P - S«ri*l   lnt«rf*c« 
3  -  towr  supply 
N  -  Soca«t« 
I  -  Cmr* c«4« 

rijus« i »MiAiM)   >iif»i  v*i   J: 



4KAL0G 
*TA 

WBm  »A»  MACMINt 

MICHA*ICA. 

AIUwOC 

DIGITAL 

r.««c« I  -    IK< "'•• n't.-». 

i» 



1 

rij«c«  j -    */» coitr«*ic«  »is.'s 

ll 



M,*««   •   -      • «•falCAl   MT«   ..ll'lil     •   '».103* 

I» 



tu. 

Tfci* caaptoc lofiaoo tM cooooala oAlcfc ta« oooffOtor Mf 

ooo to c4M«ile«tt olta tu« AM. A oaiof oaplaootloa of to« 

octl to ptooootol; too« too roloa foe it'a ooof« aai too lol 

roopoaoo io flow. Too coooaai* off« ocoooiaol loto taxoo 

cotofocloo: 

••    ill*    MMIoliMI >••«    *°    Mt    ocolioc    tal    aolor 
poroootoro,  oo4  to otoro Mt  oofoooco   off caaaaolo to oo 

>aa«4. 

2. taüHHTMil Taooo cooaoala otart vaclooo tppoa >f 

acqaioitioa procooolaj, ioclollaa tfto voltootoc aal 

(ooloocA  coot rol   rootiooo. 

J.     HH    MMMMMoK Taooo    aco    coavooto.c«     footaroo 

ooicl prooilo aiaplo toit olitiaa aal prtatia« of 

copotitiooo tool« aoaliata. raof «loo pravilo aoort 

cafatilitf aal cocroctioa capaailitj (or aicapollot 

•or la. 

•ota toot jcaooal »Hit aro oatorol ia «ppoff coo« «oot 

oo ta«f appoar ia too foil»«too paffafrapa** •»•• *»« IU I* 
roolf (OK o caoo*»4. it pcoopta otta too oyoaol >. Too 

oooooai ooffl to taoa «atocoi foiloool 07 proooio« too lirtai 

toy. to all oaaopioc flvoo, too lti-o«ooffato4 toat lo aaooa 

la pocootooooo (oc illoattratloa par poo 00 00I7. »octio» i of 

talo cooptot pcooooto oopioo of octool pclatoot froo typical 

ffooa  lo  ocior to (oxtaor  clarify  tao 000 of  too coawaala. 

2« 



ft.     Mtt   MF X »IT 10 9 

I. 

Tfct» min4 1« mcflii tao first «««4. It «Males 
tu «svc to aaocifr • M«1U| factor ao ta«t all «at« i/o 
• ill «o la *«f ftosUro« «ait. A topical M<t««ec« >t cow««is 

cooli  *tp+*:   •*  foil»»«: 

l>»   ••!? 
(Cftftltll   •}    1 

(«•II/fOiTl   laVI 
i:a*aif. •»  a 

(••IT/tOlI)   .2 
(CfAlftl    »J 

4>l 

TIMM tao ««or M« ap«citlo4 • •c«;:t* factor of 10.5 
lot caoaaol »aal .« foe caaaaol a. Tao aaoct co««aa4 «a« 
taoa ««o« to toraiaat« ta« raotia«. rao kil ra«a«««o4 aita > 
«a«a a#«ia raafty to aceoft eo«*aa«a. Ta« r«««lt of ta« asovo 
i« taat. for oaaafU«, a hWM taaot >a all caaaaola «ill 
»ciat oot aa J.*«0 — caaaaola 0,2,)#«fif1; a« II.V) aa 
caaaa«;   i  aa« aa  . a««» oa caaaaol a. 

••     laVU 

tax« coaoaal la *oo4 to ••• a aaooa tlao «oi«f 

•otoooa aota of !••« poiata. rao IM. t«*«o lit 4ata polat» 

frao HCI caooa«i aaf c«a)«ot«o aa ««•«•«« aoforo a ««la« ta 

ariftto«.   raaa,  ta« offccta  of an«o    aa«     1/6    «Wteaoa    • <• 

21 



•umuJ. toe«««« it tat«« t •iiU««co*4 |M| f«r t M SOL 

to Mt «a tft« k»ltl«l«MC fot * 4lff«r«at CkAA*«l, tk« MIT 

4«1«F ««At A« a««4 «It a CMti« 1« «• »HUMIM' «kick 

•SftlAlt« r«Cl»4U MU«. If •mkf «A* Cllllll U «CAM««, tk« 
tit»  kot«««*   ft«ta   potat*   «ill   ft«  *a   «*t«:«4.   AA«ai«t.   If  «11 

• ck«aa«la AS« •«•«••4 tk« tttt NtNti 4«ta ^outi oa Mf 

eMuci    «ill    •« ta«  4*«tr«4 tiaa a> «a *  a«   <  i  ••  :»r  NCI 

ClMMll . 

i-    lit KAI 

SIT flCAl ;» a S*«l parpo** ro«tl««. ftrat of «11, 

If • «AIT cwtMil ft«« aot D««a U4««l it «ill «of a alt to 19 

o« ««4 •••! • a«*««j« to ta« op«rat or; otk«r«l««( It 

«to<««4« to t«o ftoftt at«a. Tft« of«c«toc is tioa *i*«* •.»• 

Offoctoauty   to  specif f   *»•   * »f«   »f     ftotpajt      fee««*.,      n«««lf, 

• ipottit;i. os iKiiii. Socoot, too ft)l «Aft« ta« opocotor 

to UM' ta« cuu«it to ft« •<:««• «4 *t tft« 4««ir«U «*^««ftea. 

S«ctioa     C  ^«Miti  «oa«  typical  «aaapl««  of   Sit  sets   «aaf«. 

•»JrffllSITlOB cotas tu 

Til«     U     tft«     co«««al     «««4     to  «t«rt  tft«   »olt««tar 

tioi.   4  typical   «attf   «oalS   look   lift«: 

pcatsau   •)   I 

•A«« to«  strut! t«y ta ar ••••*.    tk«    4s«it«i    4i«pl«y    «ill 

(«11««     tft«     Sat«     fta     eaaaaal     J   «1«   volt«).   f«o   SlapUf   i» 

«p4«t«4    «Ittf       IS      ••      «A4       tAAOA      tA«      4AtA      tftrft«Aft      ft      «J 

«letoAocokt «IAAO«.  «ft««  too 4 lap lay 1« la oporatioa. a«y 

42 



aola« oa taa iap«t «in «h*« ap aa a rapi41y caoaalaa: 41o4t. 

Till« i» «aiiaa aoat Ujitai taltaotara aaica latafrat« tkt 

lapat «»•£ a aaall tit« ;it«tfil «ai praaaat aa aaaraaa 

ra«4ia4. Tala lataftatloa ftoco« »ay *(f*ca;ttlf aaa« «ay 

101st «ova to (airly 1M fc«ia«aci«a. 4apaa4iaa 9« •*• 

«oitaatat   tala«.   «a«4. 

Taa   aala  «aa  a(  taa   aao««   t«»:tt>t   la     to aat     aaia 

lialta    oa taa lapata.   To tra&afar  oiuai   tact  ta •*•   aaor, 

aay «ay  oa  taa  talatypa eaa   a*     pr aa a«4.     taa    4M. raapoala 

alta  > ««4  i» taaa  roa4y  (or  aaotaar  coaaaa4. 

••     Jttf 

IC*» la aaal M aaaaally coatrol taa tatalatiaa af 

la*«. 0;oa ooajaaa4 ««try, •»• a£l caacaa to aao l( caa&aal 

aaaiaaaaat« lava taaa aa4« via taa Sit S«T4f roatiaa. If taa 

eaact la aaa«tiv«, a aaaa«'« i» aaat to taa operator aa4 taa 

roatiaa la aaor t «4. It taa caack la poaitiv«. aaa4iafa «ro 

atiataa «at aita taa prapar apacla* (or ta« taaira* 

»•aar.ca; (or aat. Taa 1DL taaa aauta tot a 1IT1I* at atic* 

t»M « aat o( tat« i« taftaa, a»«r«o*i aa4 pnata4 oat aita 

ta« propor acaiiaa (actor appiiaa. fa« pnatar carriaaa la 

taaa poaitioao4 at taa «r! «(taa liaa at 4at« ao taa aaar 

• ay aatat aay ccaaaat*. Taa aalt a«* of 4ata la taftaa aao? 

taa 1 trial «ay la praaa«4. »ofor« «act liaa o( 4ata la 

pciato4, a tar a» liait cooatar, calla4 taa coorllaatu« 

«aaa«(. la lac»—aata4 «atoaat ically. T%* SIT *c*a roatiao 

la ««o4 to raaot taaa eauwt to aaro talao «atoaat let . 

Taaa, rapoata4 call* to SCAP or ••• aill hoop tka caaatar 

ia4aaia* proparly. ?*• set* ravtlaa ia tacaiaata* ay 
aat or la*  taa  «aort   coaaaal. 

1. 



:MiMl o •«« mtrMllf oof too« oo too (««inet 
co«aa«i Cor A£l cootroi of aoa« aatoraol dovico. Tb* 
op«rot or u,«ti tu« A««ir«d po»r.Ji n>»i«, «sal«, otc.i 
«ad ta« AOL «ill provid« t«« looic «ocoooory to iri•• *»• 
d««ic« to «Itala « A/D coooto; 1 A/» CMit l« «fitl to 1.22 
oi**i*ol* <of|. A o*o?l« .* toooo ovory «J.d «• »o •»« 
ooaiaoa •!#• sot« ot to« lapat is ilait«4 to *.l off/ooc is 
oroar to «««rooty coavaraooco. Tti » rootio« la «ao<J ooialy 
to ooaar« oloo rotoo or« aot «acooott« «ad tu* «itoraol 
dovlc« oc*oa«at ioo« »at oacood «wc«ptosl« lieita. Caoptor 
»   ;c«Mtti  •   dsatoilod   tioocaar*   of too  foolooc«     »oaic     «a«d 
1«   tOO   »51- 

«. 

161 latoroollf ciiii • •»• iCk» tad soft roitiaoo la 
rop«titioa it. orAor tc aatoaat« to« rtoalotioo at lot« «t 
aaay Htlforoo» pocituit J( «a «atoraoi looico. A typical 
dot«   oat:y   a«o,oooc«   i   :   A3l   co«H   oo: 

|1TA»T   fOSn   •>    »o. - 
(STOP   POSIT   •»    T.4 
CBCIIICI:    •)   .s 

»ot« toot to« «tort poaitioa do«o oo» oo«d *o a« i •«• too« 

ta« otop pooitioa. ALoo aot« to«* too lacroooatal oo»«ooa* 
lo la ooooiat« «oioo. a>oa oaac«*iaa |too trTMa kopj • *« 
ASA. prlata o«t coi «a« ooaolaoo oo ««flood oy ta« si: SCAJ 
rootioa, al««o too ottoroal dovic« to ta« atort pooitioo aod 
«tort« *«o«i«*iaj data at «oca of too pooitioa« a«too«o 
ITAAT «ol STOP. «•»•• too otop po«itiJt dato a«*« 
pilot««   *«t,  coaaoad   :» rot«ro«d  to ta« oporator. 



" 

nil iiHT'iiicf 

?a«     toilomirnq     oraYaaJa    «r« te iapat        *»it 

'•    Uli 

«a«r ta« aaa« a«*** a a u!orut:ot «ill i,;««: ta 

part of • »• aocaa« sta* :oc ->f ••-». rat, fDI? . * *»* •. *c «a*«' 

r-i* .:'ofi«';.' foj 1«*«; 4*«- aft«» I »• s«au«4 M0 *aa 

••«• «at«»«4, tr.« Ulf rtIO IL/F) <•» ia p»«a»«4. tailaaMl 

ay ta« aSTQta a«y. Ta« - * .- .*•;•: iat«»aally M aart ••• 

•a* of t a« fil«; taia u ta« oaly MMM «»at ••ri.t«t«i 

vita MMt taas ;*«t ta« •f?«»a a«y. If tM IST k«f ••:- 

ajt v»a«d . ta« atttir« kaif«: »r*c» (.4» ct«ract«;a| ion.j 

p»iat «••. At taxa UMMj M MM tir-or-PXLt avsao* ««t« a • 

l«t«c*«4,   »r   «rroi   MiM^'«   «o«li   a«   a«at   • i   ta« o»«rato». 

:»- 101t »-:- rar. «l«c »• aa*<l *a raaaa« • » ejtr«<-t 

ta« t»«t «t «ay tiM. 7a« UHUI M MM*a*Mal Mal *fc< ciaa«-»-. 

•ot :. Mal COaYTMJt «ai * »# •» (cctrl-Zi MM ,:••»•«'. 

a: ••itaa«o«aly ta • *•» *.a»oufa •.*• fil«. «t «a tfc« .: :•: 

BlaC« IC ta« t«Bt Lm :«*ca«4. ta« to»» TT t«y |g Pr •«•«!, 

ta«a ta« a«« ca*r«c»«t .« «at«c«o. «ot« ta«t taia «at ff Ml 

aot ..-*•:••: a«t«««r • «o cMiicttti, ».«• »ata«» i* 

mmmtmsit —;   %•»»   a«aa*:   af   ca«;«ct«ca     «•   a«     ;••:•-:•: xa 

c:i«i     to     • •.•   ta«  »oatia«  «itaoat   uii)   ta«  L/f   t«y    i-ti-i 

•oali     teaaeat«     • a«     t«ati ,     • a«     -r»:.-t     »•»-     MM      •»•'•• 

»•et jot   3  aacaa  ta«  coaattactUM  aaa  •!-•   of   «  fli«. 

2.     UU 

:•> 



:»•    t«st    ••t«x*<    «it» »h« lax? coaaaai i« pnata4 

j«t      apoi     aaacatioa      Jf     riLI.        tao     HIM       ara       atippa4 

t«tdut:.*.ir  at   •*•  3»»i-t.a<»  ««4 at   •»•>   aed   >r   tu«  fil«. 

}. 

faacat&oa jf 90 IP «ill -•-*• tli« rjtfti'j cf •*• 

:oiwrUM factor c if far *J a« pnatad it •»• »alatfpa. 

:*.» «ii(..ti • »• taat M »acifj *»• acalias factors «fc-r» 

ara :•!£) appliad ro «*ci :aaaaal. «iw.i »;• ?nat«4 ai'.a 
7   ax<faif least   Hfif • 

in*: 

Taia ccaaaai ia «tacit«-! *«* -aa» icaii/ ifrat ay»taa 

rasa* « •.. •- p*»a»c :* »pa 11 «4. ill ti« :aa »:«a |fl taat »4 

J» ti.ra- •;:•...- . .1 to «aca ;«CIUJI, raadlaa .• a« « tad 

.•M--' • *•*• taaialt ait« II; taa aaaa .; •»* u :araa*ad 
• 1*» *f» («ppafcl.t . roattiaa «a «aplar-a* ; ;a ?? aasadaciaal 

igttt.Jii . It «a arror ••: • ia* act ad, •*• roataata af • .« 

-a i iXit;jB MaVfci 3« priatad «a*, «lsa? »its :ti adlraaa. 

Tiia «u:.«< *t« jparatot tj il«a*:ff ta* particalar SaaWaaVI 
;oar»o6»r- •kick iu aalfaact ua«4. Ta» :j«t:t« :u a .a© »a 

actaraj «a « roaaaad, sat u< if taia faactloa raaata til 

Jafaalt   »a.i»*      ut   aa   a   «fata«  raaat. 

»•      tJXla^J 

*»• aeort roaaaad it >*• i u tarsiaata aiacatioa af 

all caatiaaa «acapt I ;• aal IfAA. aaaa t»a eatrl-a «aft »• 

aatl, : laattd La traaafarrad «act to »la aparator a«l taa 

ayat*«   raafoada  a.ta   a     >.      Taa     in     roatiaa    caa     oalf     aa 



'•raia«t«4       «its     4     ay at «a     c«ewt;      »a«     itAS    ro«tiM     .» 

t«ttlMt*4  »r   rctttlH   «a»   of   •«•   t«l«»yp«   fc«y«. 

»rea>a&a<j rk«t« MM a«ya c««*«a '.u pita«« 191 90. to 

e« pnat«4. fa« ««yaoari i« * >•• 9 pea«« for ta« laaartwa 

J«   4B»   l«eir«4 tlri«/-M«cic   aiaol«  »n»   ee^aeec«. 

raxa caeaead ca«e«a •••• to a« rriat«4 11 .tUt to 

r „*•} a coeeea». lot« *att tai« |fl a jeeaa.: roetiae uJ :«a 

oaly  a«  «at«r«4 after   •  »   pcoept   ay  •.»• tdL. 

Jr|- 

?r«aaia« * a«ee «ay* caaeea «a iat«rea; >•&*•( >o 

lint:»      :.:•«::     «itJ^t     * »•   .apat   t>«ff«r.   ta   *»i*   a«aa«r, 

ta«  coet««ta   o:   a«aory     »-    3«   UaplayaJ   1»••   IOIT) . 

••    ISJtfZ 

ffcii toy La 4»*o aeiely to correct apelliaa art»re 

or to correct iata «etn«e oitaoot itJfia^ • : >»ti-#. P»r 

• «aepi«. e*e«e« ta« operator «aata to «e*«r SCAB ee# so» icee 

taat sffaa aaa t>«ee type4 ay alatafc«. ra« ibftovT *ey 1» 

pr«ee«4 *.are« tiaee. taca tia> it .* preeae4, »a« previoaaly 

•at«r«i caaracter ia priat«4 iad «a la'oraal coaatoc coeata 

ricuiiii taroe«a ta« lapat »after. Th« operator t*«e, 

retype« ta« correct l«tt«ra |CM1 aal ta« corr«ctioa la 

coapiot«.   fa«  t«l«tpp« «atri«a   «oeA4   taoa   »00k   lit«: 

If 

L 



if Ulllvil 

»a   «lKlt*4, tM   4ÖL   Will    YSir    •••   »CM 

CC8»)«a4      «Off 4    :«-Jjil'li»   l»    «CC04)B>U«««4    fef    a««*ia« 

ta« Du«:; co4«s »I «oca >r ta« lottos a of •*• «or«. Ta« 

rooolt .* ttM -oao«r«>i «it a » •-•• «f »alii »*•* »a tea «ro 

coata&a«4   la  Mtoir   (a»:«-iMi Juct     ta«     («aalt     of     • 
• «Minor lo«a a«t too «a 4 »a • a« or 4 or of ta« al4aafa, -a» 

l«tt«ra >t ta« ISMJI «or i a«» a« aat«r«4 la »a« >r4«c 

(«.*.. M.AI, SACS, ••c». aitaoaaa ti;> a*»»<>4 aVSM l«aa 

to  «aaijiit»   rt)t.Hi.   tao   tocaaalarr   >t   tao     AJl     ;a     aaall 

•ac44k to r«««at   itci  »a   :KJkii<t«icf.      Aa f  coaaaaJ   . t«gt 

or   lata   «atry  caa   a«   •!:••»   »it fe   M   •••o«T   toy   »•   «ay   • 1 »•. 

a.    tiASViis 

*a« t.g«t«a rol.Jtia^ *ku a«*-ti>:. «to ccpioa -* actaaÄ 

4JU aoaaioaa. Hi WL-4«aor at •.: aoooa^oo it« «a4«riia«l ta« 

fira«   UM  ••»•»   tofoac   for   i ilia»tat 10a parfoaaa   »aiy. 

'ii<:« * »tun 1 j*:i jiriftrioi «««.««ac«. r%« Mtt 
.'kiatii •«• «a«4 tc >««rrv4« ta« tol* l«faait ia caaaaola 

1*1 «»1 2* Ta« SI? SCAJ ro«tin« •«• i *- I «o ««l«et taciaal 

tor»at aaJ to a««,a«ac« raaaaaia l#f##*l*4>« «ot« taat I a« 

ca«ao«la So act a««4 to a« ta aay particular a«j««ae« «a« 

tfcat oa« caaaaal aay a« * — \ »or« taaa ««tc«. r*« «•• >r a 

.nit«, «or« taaa oaoa «aaai«a tao «a«t to caac« tac 

of f«ct kNWI >f ta« aoia« ftltorta« aljotitaa la a 

particular «ptlicatioa. la tax* *»•. lata taft«a oa tao 

first uiMi a acaa «.11 a« «« aa j«t of paaa« «tta ta« 

Mcoij ua«. a acaa (<4 aa for ta« lola* paraa«t«t a*4 a ' 

• a latorcfclo l«lay for ooca caaaa«l> . Tao oaoratot taoa 

«a«4  taa  »ait   toatia«  to   ua»««   *»•   •« i •   paraatat«r   to   *     a«. 

2« 



TA«     a«Ba««.««at   call   tc  taa   MT SCM   (Mtiu   ill   %•% 

taa lafaait MIf iia*>«»«i ft  >• tk« rt«ti^ft cam. 

PlCac«     *     aw«a      •  typica«,   SCftP   a«*4««ac«   f\l:i   :«a«;*«4 

ft a« ta« coaaaaaa  «at«c«4  fro« fi|.  s.   scfta «a«   *««a  to tat« 

S Mti J« Uli, ttM Ml •«• ««•>! to ta»« ' a«t». It l« 

i«f«ctaat to io!« taat c%aaa«l | aast «a taclai«4 U tM itT 

SCAB aatiaitia« aafaca 111 la «IK»«I1. faia la a«caaa« 

caaaaal 9 la ta« f««4A*ct pat a far ta« «i«ltal ccatral 

faact laaa. 

Ftfara > aaaaa ta« I.U r«a«oa«« tj .a*:?«: tapata. 
»f»*: • caaat, •*• d*«(ito( irl«4 ta «iac««« l.At altaaat 

fltat 4«fiataa »a» caaaaal «««.»aac«. *»• a«tt «aaaala it 

taia Ci|«xa aaaaa at ta«ali1 coaaaal toila««! cj «»•>• 

• ••at 4«*  af   ill« i   »a«   KKI:   ««f   ta correct   taciaoa   «atr.aa. 

la ;w. • ta« oaaratuc ill aat a*« i Lit! rtld/lfTaaa 
M^WIC* tj aatt * a« «al Ml MM taat. r% • r»a««*iaj call ta 

fill  ia   tfcaa   aaova. 

riaara« * aal ' •> ?c«a«a* ta« it** iMi a «lai taaaal 

ctUtii'ij: a «MI «a. Piaar« N ta • traaa af ta« lift lata 

<cAa«a«l .» w«caaa aa«l«- »f -attaca <aOA, caaaa«! 1| . a«ti:« 

taat ta« ici.iu factora fat ctaaaala i aal . ••. « tal«ct«1 

ao taat t»«ic r«at>«ct;«« *••?«* io«. : a« :««i ia l«ft««a «aft 

poaaAa tlractlf. T'.4f IJ aaaaa a c aa a;;i «tilita* 

•a»oa«atial   (oraa*. 

2« 



A «IT 
•   0 

•   4*IT 

•   »ft   »CAM 

m%* MA»   TO  TMI   IAIA.   rrri     KM- O* MM 

rim»  ^   *       *T 4   .tiiicui   ri*a»t'. 

i 
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091 • •#•? -•»•#• - 1. JO« ••OftT« • OJft» 
090 • OMT -•»•*» •l*»0« ••ot»« • Oi»T 
oil • 0**T -••• 0* - i. J*ft ••0%»* • 044« 
AM * III« •••••T •«.*?• -.«••1 .0*0« 
• * . Ill« -•%••• •i.I«J -.o*** • 0*«i 

000« 
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•  lUT 
•ill CMMM I ft uftftt TO ivrvt 
Wit «Mien ift UM» nmt TIMES 

I««  *   l*TA  LOMtM 

•»ILft-   CMMMC   I ft   Uftftft   TO 
iMi Tut. 

• rut 

mift CMMM   1ft  UOSO   TO  II 
TO*T  «MICH   IS   UM»  «Mr   TlMtft 

O SMT* COO« IMS   fttftftlO». 

I ft  UftftX.   TC 
TMf   TOST. 

•   ULI 

»1ft COMMMMS I ft Ufttl TO lOtfT 
«IT «MIDI I» UftftX «Off TlMftft 
8MMIM0  0  GMT* tOMIMj   11* ft 10». 

fltl-  COMMAMt   I ft «II  TO 
TftBT. 

IT 
ITTIVT   it   UftOOTYf T«14#U. 

• nit 

I ft   UfttPU. 

• 0 
mm   OOftCTi   «VL      II—OV   1/01«   "VOLTS"   ••• 
• ftMT 
TTTTfTTTTTTtTTTTTTTTTTTTTTTTTI 

T 
TTTTTT  0MTMV-X   UOSS  *«*• 
• MIS 

TTTT  OITSfc-t   USE* MSMSTTTTTTTT 
W*   IMOSUO -Mil-   TlSmMMTIO» 

rtOOSI   •   •      SStT   »SO   Pill   CIAafl.fl 
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•%"    • . r • - |1 f    f«      • '      I    « 
(«r    1     vi*»«aj     i.    iltlrK        I.». 
tu 

#«> .       r-.i    l (    !#»»»»    )>»*.•>•     hrr       .«.-•       it    ill 

•••• • ...       » r    !**•» » 

• 11«    - c^«    1 er»«     . 

• i .    . • t •    lit • . if M 
•     1       * 

5,-r-J r. ii :    • • r 

an  r rCM        • 1« 
.iLrl-HI 1 
• L1i     w v.««     1 w«.«    • 

j^. •<t*| it ••tat »w. 
1 - «. . 11 1 •titi ..«».. 

•JV- • j« re » •tl«M * . jin/ 

-*-* •«• | »# • tlWJ •. iTrtl J 

*  • •••CCL • <»ltl •»   a LftM 
Mil -.riCJ • #|t« •    f >«.»••» 
»*• . «o» 1 • till • . Jib 1 
»   « 1 • 1 J 1 •     IV' •    < • «*« 1 

OIL 1«1»* •»I'v •   t >r»U 

1 i >• v M •    i-* •>  | • Ittt 
.1. • • >*# • J« It • »«»•ft 
wt  J *>•-!• • v l#0 • . jet» 

»• •« JM • |    i«« • '•Ok 

-11 f • Ca» • tl*J • .    )|«M 
11 # • ••IJ •ttl I •  4 •  |*t ' 
>l> N -*'<- »ttti • • | .»»# 
IM 10«   I •   « »• • .-«».«• 
Hi I §••! •tvtl • .  |«f« 

>>• t»«C J •tttt • • IXJ' 
kl t kVtJ »ttM • • JrV 

01* t ••<-. «Okt* % • «•»- • 

. .. r r 

riJjM«  » -    «n«>-roiiiL TAU    .f» 

I« 



• • • • • 
»     1 • . 

>l» •   Al 's.    r . r .(     \f$t 

I 

. I 

>1 *«  .    r I I i T    •    - I 
-1 ft*     r «   . M •      I. 
....   I      Ml •      l 

L *• 

r 0 • 0 .    * 

.  * • f * • •. 

t • j« #»» 

>J* •    • » t i 

• •\- **1 
*J* -. »ff 
aj« ' 1 

i» »• . J. 
MT -.    , * 
o>« .>• " j» 

• « «.. t| * 
• *>•    *. 

!/*» •• - 
.*.« »•w«* 
* •     1 

V** «. 
• » i L • 
-  • l V-     . 

J*/ 1     • 
->••> » J. 
-. 1*« 

•I 

i» 
§4 
j # 

« 
- 
- 
» » 

N 

11 * . •• -> 
*  0 * ..    • ' 
*. * 1    • . •• 

*< •   t   J.  »   4 
U« •#••»• 
7# * fc.  «... • 
• » »g 
4 k *.   Jl» 
»» 1 V»  •» 
•>• t «•  | | 

M 1   ••   • 
11 «»•  f » 
1 ,.        I 

.^ J» •   .   . 

«• J J».   1  i 
i» • I«       ' 
1» 
>* »••   . 

••»•»•> 

t» *».  #  | 
J» • *•   t« 

» t   -. 

I    • 
0. . . SJ u 

* 0 

. •>    l »»    .1.1 

rii«c«  M «ia»-r<itifi   >*r»   •>% 



Hint  ii -    net or «iii-TJ»»«: .ur» 



• nut 

«It   It  «I   ft«M   99   MCI« 
«it urmrri«. POMAT. 

• MT 
•LAV   MTU—   Mitt   rOi»Tj  •   It At   • tt>AULT» 
•*"   VOSMTtT   a»   *»    »  • 
IAAUT   CMAAMB.S   I«   DStlMtC   OAlftA 
m 

TO   TAAt   MIA.    TYP*   "tCAA"   0*   MM 

• CM*   0        CM.    1 CM*    t 

• I      •t.Ott     ••0AI3     -.QOIP 
§m    -t.ott   ••OAiJ   -.ocit 

• tCT   tCAM 
m~**   »TUMI   IMTA   POIMTt   •    It Mt   »Lt>AU.l> 
T~   POSMTIY   Ml A»    » T 
m*\rt wwiti  is sttiftu  —• 

• CM*   0 CM.    I CM.    t 

001      -t*0tt -•.»•At-At      - >• tlOi-OJ 
Oit        I.0M •••IMI'M     ••••AAt-OJ 

F i ,.r •    I.    -      IIPOtttTIAl   fJlMt    t»4»rLi-. 

IT 



ii      tUW  liälli kLL*i±kli*l 

Ti« ML ayatoo ••• coaa*ractol it oraor to facilitoto 

«io'a »cq-i*i»ioe aai ljr««3t«-. Jt f r->• ta« |«| i S.O foot 

aaaaoaic •it4-ti*na«l iocatoJ ia ti« 9«p«:tMii of 

t«toi*«t.ci ot tu« lava* fjst::»lw. scaoil. kjji'.»< l**« 

cy »«a! fees ta* roaaoi aalaac« la • . •• coasaaua. •:: >: 

ladociao. «a- prroiocoa M«««ii' :.4»-: «c : scat tor «4 roaalta. 

otaat   roloto*  proaioaa «ro: 

1.     »on ti   :jii4&.:r.;.t   it   a   -..».a»   obotroaaoa 1, 

2.     lotos     :««J:r ;     oail«     ta«      joaatit»     to  ao   aoaaarod   .• 

a at joctoa to  caaiaa  fM»rtt»roa»; aaj, 

1.     Taaaol   aoa'ia,   loo  •->   .or;   rat   tiaoo. 

a.      T.a«    ••ti«.-;  *•>*   a«** :ii. 

fa«     131     «f(«   • -K. ««.a..»•*«:   all   *a«   UM-   ,r-t.«a- 

aa4 is a44it.->c it pro*o£ M s« •oraa» ilo oacooa • * 00 aao4 

aa     a      »«••     Loo; a«:     o;»a     otaoi     o^aipaoa*.     Fiaaro   II to 1 

• lctaro it ta« • •>.. »aataliat 100. :•. * it a .or« * . lato a 

toll-aroaa: caaia«* ». : :o*}oiroa oaly a atoaaar' .- aa 

-arroa* luoa, "0 »aal 1/ looico «o.a., a to.#tf?o». aa4 

»a tea • u i« tc oeaaort fcfl t •» »ao 001*09« aoarcoa it »a to 

aoeitjt        Moo  *ax laalo-eiia,     U«atc     aaa.ifior     car4a     aro 

• iciji»' to anrootso Loo ioool a.iaal a«ffor La 4. toltaao 

aoorcoo coa ao coaavctoU 'o ta* kZu. iiroctiy faj aatcao4 

tar009- •• aaaiifior. ao loa« aa *ao lapat »acara: 3no oc aot 

oacoo4   - lOf   to   • i-jt. 

Ta«     too4a>aca 

oojtaojt   LiHi  - 

:MUOI      toactior      «a   :iptOMtt«!   iu   100 

laaolol   ?•  aal   »ao     otaot     .«.-•«. *» 



lac* I ; a* c«rtl*a •• .alffml.B* *©*i« .•»•: » .«<j» «hiCft 

la aaw4 to «c*Mt« i radar. Ta« • »o raiaya it tara •:• «*»•<! 

to cc>t*.;ol taa liractua ot 4 lot it . Tt« aaauraj ?••;:>« 1 

aaantity (ia this casa ,>oai* ioai la ;a»at tc caa-.aai ) aaiea 

cloaaa 'km !-;.•*. coatrol loot. Pi^axa '• la a 6a»a:i«4 

Kitu*. of tM aOA coatnl aa «awl la taa aiai t«aa«l 

syataa. To «at«, •.-.• 49L «aa «a«4 to caiiasat« tk« «ia£ 

taaaal   fealaaca   t- :   taa  iyaaaic   prasaara   t;«ta4«c«:   [t|« 

1« 



•       •        "" *.v •»'       •*••• 

3 -     F 
-  A.    .   »*m • - .-•4-*»«i4 

«r :    m.    t   >.«ur 

r:j*r«   • J  -     MOTOS or »31 c;«ro»trr; 



A   •   AWC-1-^P-ATTAZK 

••;«!•    '•   -       4«viLl -O» -ATTi JI    rildlKI   i-J» 

• 1 



itiraui uuu 

Taa     aaaasftlai     ?r»n*»   ..a» in*   for  *»•  »Ck   «a   ptaaaata4 

i« taia ca*ptac aloaa «it* fioacaarta for •»• aoat :ap-:*a&r 

;o«tiaaa. "a: >«4ao*t • »• folloaiaa, paraarapaa, f t • ^ «••• 

zafacaac*   la   aai«   to   taa>   'poaitioa'   >f   ae     «tttta«:      Savica. 

'Mil».. <* ;a *•*• tor ulj«trttm; apaad. «su« 01 MA* 

otaar it 'tiSj»»» B| r t« NMi it »-. «atarcal •.•*".• caa o« 

«••4   aa   •   faalfeaca   paraaw'.ar. 

».juT'   H   »»ova   taa  • ••rajia-j   pcocoaa   aaal   n   tlw   tilt— 

roatia« A     raaaia«.    ««a   i»  * mac   »•   i»f   lata  ^ui'i.   :»:• 

aaa la *-«a liwita« ay ».'*, :Mff«t«l rici to Maary ml 

itort4 «a « *9o aft« {«aati*y .a caa;ia*ara 5 «-J I. ?»a 

etaasy t tfBMMfl at iaa it *.a« carraa» 1#a:;«4 ;nitiM jf * a« 

aitaraai :•».-• i» .. ».t.: •: a aaaoty u: etoro4 .a 

r«|ia»«r» 1 aa.1 J. Jp>n «ait ftoa *aa oititt, »aa :»j.*»»;i 

at« »•* '» *o -cap«:« •»• ac*«al ml laair«4 rji:*uu :a 

Jtlac to i«t«raia< is aalet l.:«rtioa to tot« »a* «ataraal 

lavica. raa   '3P*    iritac   .a   aai»   aaoaa.    X*   aaftaa   «aa      t   tit 

fravioaa aattoatia« *o la* «ram« «aaa tfc« laairal font :n 

•aa s-a-, raacaaa. raa r lattm corractioa ro«*isa la t \ |. 

II iatariiaaa if • *• poautioa «rntal •* ay • aa JF oi »«• 

taatiia* aaa aa« .;•:•' .-. •• «rr»t Titatia. Tiara ar« a.ac 

rootiaaa for • aa D« •• Uracttoa taat «r« laaatical to fl«a. 

'* aal i* («ocapt foe ti« iiractioa -f ao»aaa*t| Taa «X>?t 

toatiaa if »a Ji; 'a. it ,:•>»!•• taa . >«.c aacaaaary to 

acopar.y call taa JP aai )J«I rottiaaa. .M |«x »i !• caJ H 

ara floacaatta >t • aa Iff riatiaa. 101 proviiaa taa 

MtaaMtic zcmxfi taactia« >t taa a 01 ay TtUff S».4» »a4 

•rtl   at   aatataa*    iaai.-a   r)«itua«   l«fiaa<*      f   taa   .«at. 

• 2 



»•rui   «top   c 
to   .-«.*/a   *r-J   *.»*• 

• Mapl«  fro« 
en»«*:   -  

I T •  T 

1 
3     |   [ ? • ?» s    y— 

cmr«r»  t*ek   to binary 
hi• :   »•   T«   in 

—• 
r«*ef   %9*lr+4 pet It lor. 

*/ j   itcrt   in 

G     3 
rifon     »•>   -    «oisi  »».    .i :r< •  ruru  uiatc 

• ) 



tiff •   - 99      Ilk«!    >•..!•    *J«it 



fl  )•«•      »'   •       IIBMNWT/JMHMIU   WüMKMMI   »o.l 
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1 
I M/1 

{*•> J«»iroJ pc«:».ur. ] 
convert to floating point 

and a;v; i« by tho cnannai 

C conversion factor 

* •envor*  fröirrffl 
•.o Kl tinary 

C ic ^T7«^«TT!osTC^^ 

1! PHI i 
] 

an TETW IcJstsralns 
actual  position 

•   acvoai.  position 

»w«i.     >•  •    tiriaiti. attu* io»r*i. IMK 



ST • •tart position 1 

If • • top position  1 

I • inert »•nt J 

1 
• Itsrstion 

P(H)« loairol position 

*(»)• J^tu*: position 

L 
print ouT 

colisvi  nosdinfs 7 
o 

tiff      H   •      iSI   foarilft   LlMlw  (  Ml!   :) 

•' 



:*11   3CAH   to   prir. 
!••   zt   l»r* 

H») • ft - (» • I 
) 

sac*   •     .>?>» I 

ri««<«    ;J   •     tjt  «otftltt  LuaK'  irii;.1) 

• «• 



l*4«r«ft4«»T   ««ftf•«*.••» T%l«      •••      !*••      *>     •••*      f«*«(* 

r**l«l«a« tc 4*«lc -Mtl •• K^»»..m' «it* • ••«.••• »f 

(•4««ija fo: «•••§!•, If • U •• pciitvc .• «44« I to t %• 

•fa«*«, all :«f«ff«»c*« tt ••M<M*i»« M <%*»*«i« >««4a«| «c« 

.»•••«4   «w   «•««   •••   •••   rt«tlM     «•   «•     c««l«4       Ta»      l^uri 

t*ai«« M «ft« ttllt «f MC» MCtMl *l MfHI« «f M#MM 

t« :•*»•• • »• «lliti' •* «ft« •• IM«.a«. »A4 tt»« "»'•»:• 

l« •••a .«*••••;.•! >i«.l«: *r«c«4a4*a ••• »* failaawf •• 

a*t«i      I":      •••Mt**«*.      «II      »••     tMUM«,     «tc. «*••: ? 

t«j«..•••••*  f»c   • ••  *>i a »f «••»•• at« «•  •»..•• 

1.       »»««a    lw«   «•    9ft.    Iwl 

»«!«•    .01   •»    ill,    M»t 

}.        #••!••     164   «•    »M.    44« 

THIS   pojta«   •••   :*4)#lL«>4    »•   «•«      IITIUIC     4   «let»,: 

!•?•.,««-•    • }•*••   f «I    •*«   « J »*    1-4. 

• • 
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r 
1  «TIUTY « Ml MT I MO»  TM10 0CCT1M CMtAlM 

tOWTlAU  COMM  TO OU, MAvO«  0CCT10M 
1  Of OOfTBMC. 

OMO MO 0 

00* Lei coo oun |f.f.  U1T1AUXAT1M 
CMC U» MO OM» iLOAO f .f*.  ACCLH 
out •T» HO OlJfM |BlOCC CMTCOTC Of 

|f .?.   ACCOM   IMTO 
1 MOMMY 
tCMAlOC  OCO MIA TO Mg IM ML OCMM 
|f.f.   AM LOBO  ACCOM. 

oto* Ott. lOu otto* ICMAMC   r.f.   MMOCJI 
|T0 OCO OOTA CTB1B4 

a*.v 00 MO ooo m If.?.  AMIT1M 
0*0« 00 Uc rtiA^i |f.f.  fLOTtACTlOA 

oft » Ut 
«WM 

340 «M 
|f.f.  OOLTlfLT 
|f.f.   UVlCt 

MT MO OIM ICOOBOM CUT 
KCMTOOL  A) 

MM OCMM 161 MM lOTOf C*A» 
MIA OMT COb IAD iCMAAACU»  OMSTITUTICA 

iCCMTOOt D 
IMO STAC« too 1000» IVAOIAOU  STMAOC 
tore JIM* coo tor» tVCCTMCO .MOB* 

TUT COL MOT« ILIOMT TUT 
MCA 04MB COO MCA* IDIOML  OUMMUft* 
IMO NN9 C«u 10*0* lOCC.MAt  OfCOAM OUffCO 
tMt «TOBC ML iOOO*                1 iTCMf  OUffU 
101« OfStT COL I0TOM lOCClMAi.   AM   OOffU 
OfM Taou COL Of MM iTMU  Of   VALlO  COfOIAM 

iCOOCS   AAO  VCC70AS. 
lOffftATIOM 

lOCC OBJMB COL 1X0* 
1 
i our ft* CMTA1A1A4 
iCMJMMCL OCM  lMfO. 

4MO COBLB COL IOOOM iCMVCaOlOA  fACTMO 
w OBOBJT COL rrn IAUOOLT CMAO 

•TUT COL «MM lAAM «MY   TUT 
1 
1  "OOO ABU  MCO OT   TM10 1 ICCTIM ABO AMMTATCO 
1  OT  TMt  CM I Of   TM MOMI 1AM 4.1STIM4 

ocoot 

LMBT      COL 
I 

11 
OOlCTt     Mi   •.Off* 

MT • 
COU.  TUT 

Tit COLL Cl 
COLL «TUT 

iflMT   1MT0   x   Mf 
lOttCT   TTY  MCAA 

I CMC!   OlOfLAT 
I OBIT  fM  OfCBATM 
iCNtC*  OM 



tClltC«   OUTLAY 
ooio 4«aroj tOOTi C4U.  lOlT |10lTl4i,l£I MATH PAC 

144»  Dir AUL T   V4L44U. 
0014   «104473 UU N.USlf* 14 
ooiy mm mi • S^P0j^Ml«4>4M 

001t «I044C0 ULI M,£CAAA) 
0010 MtM mn • •••• J 14VA4.10   SC44)   fLA* 
ooir «f 104400 Uli M.ST4C1« 14 l'VAlT*  rL44 STOAA* 
00*4  4C1A «VI M,-«* 11501   SCFAULT  ru44 
0015  2f 104440 LXI Mvcnmr {Flu   COAVUf 104   FACTO« 

i«ur?i» MTV i.o 
OOtt otio mi • •4« 
0001  4C00 LOOPls AVI n.o 
OOtt 40 101 L 
0001 ot ten I 
001F   4Qt«0ft JMl LOOPl 
004«  «C104000 L*X n.cnu? 
0044  Of 0« SV! • •« 
0040 4C0I LS9»*t NVI ".Al" H.0S0I00O0OO» 
0044 0004 AVl 4,4 
004C  04 4M L 
0O40 ro sov L.4 
0041 Of OCH • 
004F   AQiQOC 402 L00P2 
004«   441000 ow MO« »STAAT 

i #cr cooiou ;VFL: «OUTlOl 
1   10FU1 t   40 •urvicnoaf 
1  UaitTKMt A.I.C.9 
I  OUTPUTt  4,t «sei; 
1 c, ,0   :   0 

0049   4* Clt lA  4         itfT STAUT   «IT 
0044   IA •40 
0047  404)00 X CI 
0044   A44AIYC ttOlTi CAU MAL' |l/2  ««LAY 
0040   1000 "Vl C.A tOIT   C0L4T 
404f   444500 m CAU Xt»' ict»TU of »A»: in 
005«   4t !•   4 
0054   14 «41 |«0T    14TC   wAAAt 
0054 Cl MOV M t4CT  «UlLÖ-v#   MAS 
0059   IA •40 
0054 CO 00% M lOTOftl 
0057   II oca c |CtC-l 
0050   404*00 j« «« iCNICA   ro«  LAfT   «IT 
0051   «47F 401 7TN l*A*4   Off   "AA1TY 
0050 CO MOV 

•tLAY 0051   444500 CAU. 
0041   44450C CALL OtLAY 
0044 07 »IT 

004) 
0047 

ICC? 
444X00 

I 
I    "ttLAY '   TT7   «LAY   LOO» 
i OCLAT PAAAAXTU  ;*  •:• 
t   FftOVlOU   Mt   OtLAY. 
DCLATi     "VI   O.OCV* |l   «IT   Tl** 

-M»   Tt«t 

'• 



0044   1142 *ALf.        H«l   0.0*2*»                |l/ 
00«   It Tints     oca o 
0040   t4«C0t? JIZ  TINI 
0070  07 BCT 

1   °CtL#*   OUTPUTS  A  CAAAlAJt 
i Li* ruo. 
;   lAfuTi   00 ACSTA1CT10A4 
i •caiiTcm« A.i.c.o 
|   OUTfUT«   A:rfNtt:OAM|C,0:d 

307i   040C catri     nvi »,oo»-            »c* 
0071   «47CO0 CALL  CO 
007«  04 04 HVI   «,04*                   jcf 
007»   «47C00 CALL  CO 
0071   07 AST 

OH  Til 

AST   *»0 

007C   Cl 
0070 AO 
0071 | 

12 
»I 
4««*00 
IA 
icr? 
ii 
400100 
07 

10   «47100 
OOfO   2224144t 
00*4   441900 
0007  «47100 
0004   «244400 

I   «4'IOC 
otoc 
2C 101440 
C7 
«COO 

01 
. c« 

10 

•to* COAOOLI OUTPUT «urriAi 
iAPuT:   MAC  IS   7 ilT   ASCII 

STOOCO 1» • 
«SllSTCASi A,»,v.D 
OUTFuTt   Ax***.  I  U  SAWtC.  c,o   i  c 

COt 

StAOt 

N0% A.« 
00« * 
RVI C,M 
«AL 
OUT • 
CALL   04LAY 
AA« 
CPi QTfM 
oca C 
JAX Si«C 
on 

}F£TC*   MAO 
tCLXAA   CAAAT 
»AIT   COU»U» 
{STAAT  «IT 
lit TO m 
:«A.T   I   111  Tin« 
SPOJUIO«   «SAT   ill 
lilT   STOP   «IT 
|C*C*I 
tStAO ;» »oi JUAX 

i 
I   nOAlTOA   UTA*   POUT   Af'IA   P04*S   04   00   A424T 
t 
•C4: CALL   CALF lAfSTT   CAA«lA«i 

LA   H^OOOT tSTAAT   lAfOAfUTlOA 
CALL  LIST 

CATALl     CALL   CALF 
LXI   MvAtA07 I AC* 
CALL  LIST 

I 
i  AST connAAO «AD AAO roop JJRP tftCTOA 
I 
ACCOli     CALL   AT 

nvi 6,0 
LAI   *. 
no* «,n 
CPi 
A   SAC* 
AM i 
no« ».* 
IAO  L 

tlolT cnscA sun 
IPOIAT   TO   IAPUT 
iPCTCM  CMAAACT«« 
iir OO«M S4AACH 
I     LOOA-Ul»   TAtL« 
liLAf ow:*.: CH&C« sun 
ISTQM  C»  SUA 

J 



MOD 
ooco 

I 
',4 

OOC9 
00C4 

;7 

240Pi40C 
C7 
SCOO 
AOOEOO 
It 
10 
10 
10 

oocc 
OOCD 
OOCl 
0002 
0004 
0005 

OC07 

00» 
00 Of 
0012 

10 
09 
10 
07 
2£ioi«ro 
IE 44 
K 
r» 
10 
M 
«C7IJ0 
44P9I3 
2E241401 
•4100c 
44R73C 

fOCMt LXl   N.T 
MCMLs     MOV   k,t 

CPX   0 
JZ ERR 
or I 
JZ  UCTR 
X«   L 
1«  L 
1«   L 
jm fucm. 

VCTRt        1«   I 
ncv »,M 
IM I 
"OV c/ 
LXX If »JUMP 
»VI n,   4«, 
I« L 
MOV M.S 
X« L 
MOV R,C 
CAU.   CRL> 

EXICI     JMP JUMP 
ERR«       LXI N.LUN 

CAU.  LIST 
JMP   CRTRL 

»POXRT   TO  L0C4-UP 

lUAUOXTY   CMECI 

(COMPARE WM4C» SUP MX T* 
| TAftLE. X* TRUE. JMP. 
itLU   JET   REXT 

iPOXRT   TO  w«»  400 
jSAVS 
|P0IR1   To MX   «30 
»SAVE 
;POXRT   TL   JUMP   kCR 

OOC* 
OOCA 
OOCC 
oocc 
oof: 
OOPI 
OOP« 
OOP) 

cr 
C7 
SCOO 
St 
447C0C 
10 

I 
I   JHiS 
I   STRX 
LIST: 

«4C00C 

Aour;a :* USE: 
»as or HFMHHP 

MOV   !,• 

CPX   SCMA* 

RZ 
CALL   CC 
IRK  i. 
JRZ   LXST 
:•» » 
JMP   LXS7 

:LOA2 </EC7O* 

»EXECUTE 
tlRROR   MS«   OUT 

{TRY   AiAlk 

TO   OUTPUT 

»OUT  HEOiSTtS 

Hi DOR* Rc: 

»PRXRT   -«*' 
»PCXRT   T.   REX7 
|CM£C«   FO«   P*«E   MM4P 

:it ;XT 

'ST'   XS   USEC   TC   LtMfi   RUP   DAT* 
iRTC   DOPRfc   OR   LAftCLS   XRTO 
AS*   OCSXM&O  SUPPER.   XMSERTS 
'CR'   AS   TME  STOP  CMAA. 
•UPTU   CARMOT   START   47   XXOO. 
ROCS   ROT  ECAW  ft  CAftRXAOE   RiT. 
••UA0U7-   ERASES   PREVIOUSLY   £R7ERA(. 
CMARACTEMS   XR  SUCCESS!Oft. 
'COMTRQi.   i     XS  OSCO  TO  DXSPLftY   In*. 

COftTERtS   OP   TM4   RCXT  MEMORY   ..OCftTIt 
RETURRS   MIT«  LOM  POSTER  47   SCMftA. 

OOPS   St 1^1«AC   547 : 
<MPC   E4 JCTD« 

LX: *.DOP»D 
MOV   E»l 

»DEFAULT   SUPPt* 
IBCSXRE: surrt* «.MTRT 

L 



(SAW*  LO  POltTftJ 
00#D 4A4900 CtTUt CALL  Cl ,mr IA#UT 

0100 4CTF C*i   RftOoT •ir autouT 
0102 «•2C01 JZ c**sc ITM4A Utff 
0109 4C0t CPi   *»T tCOJWAAO   t*4* 
010? «•9700 *z ;mi 
Oll* 4CIA CPl   SUIT ;0;«*»L4T   «CAT   CALL 

I TO   ALLO«  roi 
iSUftSTITUTlOA. 

otoc «llfOl «•Z   C4TU4 
OlOf 4CO0 *m *     #          •^^^^^^^••^' \if   OOAi   AITJO» 
01 tl 4tl«0l jal  :»?ui 
Oil« H now • ,* ISTOÜE  STOP   C«A» 
0119 OT MT 
01 I« 447CÜ0 CATUt: CALL  CO itCMO   OUT 
01 1» r» nov *.§ ILOAO   lA#uT 
01 1* M 1«   L 1*01»T   TO   44XT   C&U. 
out 44fJOC „>*» :»Tu :it: M.X: 

one W ' C »Ti4: MOV   A .A ICHCCA rot to«. 
our iuC. C*l   SCHAU 
out *A?*O0 Zl   Z%Lf*^ 1 If    >«»«.    »Li AL »f 140 
0U4 :F WV   = .." :0ii4»LAT COA:&>TS Jf 

iCUAlKaT   CILL 
9U) 4CTC00 CALL  CO 
Oljfl 40 IBM   L t»oi*T TO «LA: CILL 

Ot >t 44/000 jir car. liCT   AUT 
1 
1 
1 

'UlASfc*   IS   JStO TO  1 
•CO 

lUt   JoT   A* 
lACOAKt-T»»   £»T. :HAA. 

0i3C 4l 0*it: X»   - IAOIAT ru .»J; IAPUT 

0120 6i no« A.L iCfltCI  To iAfUAi 
:   ü iC en» c i    lafuT turtA •.-. 
J.2f 404401 JK   ICMO t      HT   JAOCAFLOU 
Oi u 40 IM   L I    «tsro«t .- •":;.T 

a i)j :F ECHO: *0V     6,- iftTCM  AAO  CUM 
0144 447CJ0 MU. :c IACMLAT ;AAA 

014? 44/OOC jf*   CAT- 
l 
1 •*T*IP'   C«Aa4£.> AJC A ;«TJ 

| i^t-. AL   90C    iSED • T THC 
t fLOATiAi »CitlT  ACL: lAi 
f Mi *usr AOI«: T o Aurrut 

OISA c? STM»» no* A." lUlQM 
0146 4CO0 C*l    SCMAA 1 IF   MM   'tT 
01S0 » • 
0141 1440 fill   40M |AC0  COAVLASiOl. 
01 AC Ml NOV   A,A ;STOAl   SCO 
0141 40 I«   L »FOIAT 
3142 444*01 JHT   ST» IP S«T   «AT 

1 
t 'otsrr* coavtMTS SJ»SX1AL  too 
j man :««. FLOAT:m »oi»: AouTiat 
j TO AACII. 



0149 «109470 DlfTfi uu «.4*44.1 iPoitT TO ußf 
914t C7 aifttt NOV 

$C*»«4 
ircTct 

at«* AC 00 zu IIP   Ott*  *tT 
3l«C • *Z 
3l«t 9490 «01 SO» itet ro 4*4.1. 
3t* t NOV N#A ttTOM 
0190 90 l« L 
91)1 «44001 j* Olttt 

i  'titf >• — **» linntt MT« 
i TO n.o*Ti*a *oi«T 

9194 C7 tltfFt MO« A.n IKTC*   41   »TTt 
9199 et NOV • •* 
9194 90 14« L 
9197 97 NOV c.n lfITC»   CO   »TU 
919t «0 «44 « |CLi*t  wA**7 
9199 2*11 m\ C.17 ingJCT  Count 
919» 704001 snirTi JN  CXIT iir of j*rivt 

iO*T« IS not* 
9I9C et NOV M ;S«vl   Ml 
9l9f 2! act c t£:£-l 
9140 ttttoi J: : Hill |1S  0 
31*9 C2 40V M 110*9 Lü »YTl 
91*4 «0 At* « tCLIA*   w««4T 
9149 It 144. iTto tTTi SMirr 
3144 90 nov C.« iTo TMf mrr 
3147 Cl NOV 4.9 
914t 12 4M. 
9149 40 4t* A itiT Htm 417S 
914* 449*01 JH SMUT jnUT snin 
3145 2«7F £x;i: «41 ?F» (Pos nut «At« 
314F 2f 13349» ml *.STO»t*l 
3173 ü 40V ",A IN*   ff   ITTI 
3174 90 ins L 
3179 F« NOV n.C inCXT  ft   »TU 
9174 90 in« L 
3177 UOO NVl «,J 1LS  P»   »TU 
91 7f 9«7f NVl A.TFM |£JU>   *6wUST 
9i7t • « «00 t 1»1A*-«SM1FTS 
917C 2f 10349« mi M.STOtt 
3140 Pl NOV N.4 iSTOtC  HP 
9ltl 97 »CT. :«o*n*t CA1T 
31*2 2C 10349* srcti LX2 M.STOtf lOATAsO 
91t* UOO NVl 4,0 
9ltt 07 «CT |0  U1T 

0119 C7 
31*4 .4*0 
OltC Ct 
JlfD 3413 

•ppfUa' CMA40U rw04Tl«3 »C:»T 
TO  «ln**Y.   4L  NOST   P014T   TO  »1 •   OTTS 
Of   ff   9*TA   JF«OA  C4T4T 
«AV «ctutr IS 1« 91. 

f»llll       NOV    A.» 
sui so». 
NOV   I.A 
NV!    A,|« 

ismip nets* so» 
iSAVt 
|2  •TTI   *1A* 

ct 



r 

01* ti 
OIW 1% 
Oltl M 
OIM C? 
OIM  1*0 
oiM m 
OIM  M 
Olft  17 
OIM Cl ClTUlt 
OIM M 
OIM   »A 
OIM  M 
OIM C4 
OIM  IA 
OIM CO 
OIM Ot 
JIAO   MMOt 
OlAi   0' 

urn • ICMVTI •  MirTf 
00« ••* ISAM 
IM L 
M»  A.» 
Oil  M* irooo noovu 
NO«  §,A |MM  IT 
IM I 
000  I .* l«T tSOTU 
«0%   *.fi tUITOAl 
OOA  A iMirr z »TTU 
UO 
«0«   S.4 
no« A.A 
AM 
WOV   1.4 
OCA   t ICMEC«   COWATtl 
JAZ carui 
ttT 



»0*0 
OMO 

oofo 
loox 

OOfG 
OOCO 

00 TO 

OICO 
JlCA 
01» 
OIC? 
0IC9 
OICC 
oict 
oicr 
OIM 
3104 
01 »5 

c? 
S44C 
scro 
«•MO I 
0410 
M 
44D>0» 
340C 

OIM 4471 
OIM CJ 
OIM xri 
OIM MMOfc 
OlX Of 
OIM 50 
OllO CT 
Olli sen 
OlCJ 4SI 402 

01 MIA 1   Ll»T AOUTIMS 
MID  TO OUTPUT  VOLT A4*  MIA  TG TM 
DlSPLAt   LlTU.  MTA  If  OUTPUT  1» 
« siMiriCMT fixmu. TAU SICTIOA 
ALSO  .MTAlM   TM(   LlTI   TUT   4M  4.ITI 
•LAAA   fUOCTlOM   MICA   4M   CALXU  M 
AMT  Of  SYSTt» iOOT. 

«I   01*0» 

lOUATU   MT 
CM M rouM !i 

I 
AUS   !• 

AAlVlOuS 
TAU  S4CT10« 
MCTIOM 

AI AM 
MCPT 
MAC4 
SSTAT 
STAT 
*L0 
LT 
OOP 
OPOL 
MIL 
DP*L 
M54. 
I 
I   OUTAtT 
I 
DISPL: 

Mb 
tfib 
Ui 
tt»L 
i4w 
iOC 
i&l 
tOL 

iiw 
C4U 
COL 

I07M 
Of DA 
OftA 
ofo* 
I04CA 
04CA 
000». 
04A 
Of OK 
OiOA 
OOOA 

SO» 
JTOA 

IXCIA44.   ftUUlT 
»•-•   -   MA 
i*.' • yoA 
I*    •   •   iM 
|S1M  SIATM   Si!**.* 
tMTAT   »vifcTt* 
|AM  S1M/LATCA   j§9 
ILlTt   TUT   COMAAO 
(MC   AQltT   Off 
tor i» LIU #o 
;0f   I»   LlU   «I 
»DP   !• LIU  #2 
{Of   14   LIU   #J 

fliA  **k   STMl   A4   *  STATUS   «CML 

LAl   M.ACSLT 

»AT»: 

SAT^t 

A.A 
AVI   L.STAT 
CM   AlAUS 
Jl   SfTA 
AVI    A.IOA 

2*4 
CATL 
A.OOA 
2*4 
".A 

|f 01 AT 
ifITCA 

»If   * 

TO   «ASULT 
Sl«A 

OUT 

AVI 
OUT 
AOV 

j*   AM   D1SA0L* 

» AM   OlSAAl* 

iSTMS   STATM CATUi 
I 
i rtTCA OWITS moA -tsut: tuft». 
1   AAO   OUTPUT   Tl   DISPLAY   LlJATS 
I 

Ml   l,?|A 
AOV   A,A 
CPI   MCPT 
Jl :i»c 
AOV   3.A 
IM   L 
AOV   A.A 
cpi accpT 
ol UDO 

|MT   F1MT   01A1T 

III   OP, 
iSAVt  riMT 

iHICM   MAT 

|U   OP 

wAADU» 
-I-IT 

0#S 



otu 
•I* 
01» 
910 

9irx 
9ir» 
9197 
3I9A 
0I9C 
9|Ff 
omt 
0*04 

•91   »,- 

0909 
0209 

0£0* 
321C 
0^1 I 
021.: 

0*11 
3214 
0*14 
Mil 
3216 
0*1 C 
3910 
0211 
J220 
0221 
0220 
022« 
022? 

09 790» 
9991 

Kfl 

499*04 
0900 
440402 

J49Q 
90 
««Hü;: 
09 
00 
Cl 
0T 

M 
*7 
21100494: 

|| 
»9 
2C10 
>} 
2CIC 
7} 
M 
OT 

l4k94  «WTPwT   M997   91911 

ICM9X«   219   91 «AI 

ifllT 

I   0UT9UT   4   31«1?   «IT«!   M.   09. 

•*.    A,X» 
09A  0 
CALL   HU 

•CV   At* 
•IT 

JATTäO   dAlA 
|UUT 
i4Avt  N9A1 

iffTC«   949T 

t   OUTPUT   A»0  LATCM 
I   9994SU*   *   :09T41%»   -.»   A30   Of   wlTl 
t 

o»; om 
OUT 9*i 
Uli   n,2*7AT 

JIA   • 
OUT 9+9 
«•:  IOM 
OUT   «•. 
«91 10* 
OUT ••. 
9J9JV te,£ 
•IT 

I 
t   OUTPUT   wÄADl«;  24*09   1»   •tlDib 
t TO CMAaii MU» scuiiinc MTAT;** 
t Te riuo POUT. 

;JA».   -   ;»: 

tOATA    .cT 
|9tf   JTATU9 

{ATTACK   NM   ;A#C 
;PU»   AA3   il«A    JC? 

t*4T MM 

ILATC« ofr 
(AUTOOA 

0224  04 TC 
0949  CT 
0229  0C9O 
OtJt   494002 
3921   1472 
0200   447C32 
3201   39 
0204  147| 

umoi   -vi *,a?c* 
MOV A.M 
C91 S9AXI 
-»: U29| 
WVl L,0?2* 
J» 090 

L2£»ll      MOV D,R 
»VI l,?l« 

|0i7   ilU» 

scoallftut  \%   %o\ 
I*24T09& 



0214  0400 441   4.0 
3214  0440 •Vl   4,0*04. |0  •   t BF 
021«   «41101 C4U.  LITE 
otio 04 14«   » 
MM  34*0 «Vl   4,44* fß   •   «0 0* 
0*40  44114* C4U.  Litt 
0*41   It tct 0 
4*44   i» «et e 
0*49  4t»402 UZ   0UTZ2 
044« Ot 14«   1 
014»  04*0 »Vl   4,404 
3*41   44tM2 C4U.  klff 
0*4*   lt DC*   0 
0*4*  4*7702 J: ourzt 
0X32 Ot 14«   2 
Ot*!   MIO »VI   4,00» 
Ott)   «41102 um »IT« tillT 
Mt«   147» :t»ci I4V1   L.7I»» 
02t4   ICOO «vl   0,0 tOATA 

I   1401VI tjtJl   3U1T OUTPUT« 

32tC   0C0O 3»0i »VI   1,0 
OttC   0420 4V1   A.O'X 
0240   11 914   3 iMtMi 04X4 
0241   44)502 CALL   LlTI 
0244  10 OUTli 14«   L 
o««t :? MOV   4,« 
0244   14*0 0«!   DO* S4TT4C» 4*   OT 
0244 OCOi «Vl   1,1 
0244   44I102 C«U   LlU 
024»  10 0«T2l 14«   L 
0242   C7 «OV   Af* 

o«; xm 0*4*   14*0 
4*71   0102 »VI   ft,2 
0271   441102 ZäLl   LlU 
0274  10 OUTli 14«   L 
0277  C7 OUTZli MOV   *,» 
027t   14#0 0«1   DO« 
0.74  OCOI »VI   1,1 
02TC   441102 J44»  Uli 4CX1T 
027*   Of 01 3*ii »Vl   «,l 
0241   0440 •VI   «,D*IL 
Ott!  tl 0*4   0 ;AtlAC* 0AT4 
02434   441102 C4U.  LITE 
Ott7  444002 J44»   OUTt 
Ott*  0102 4**i MVl   1,2 
OttC  0400 MV!   4,0*£1 
OttC  11 at« o 
Ott*   441102 CAU.   LlTi 
02*2  447402 JM*   04j?l 
ottt ocoi J*U «VI   2,1 
Ott?  4470 »VI   4,4*14. 
Ottt  tl at« o 

«« 

J 



OS*   441502 jm Liu ICIIT 
Ott« C7 OUTZti 

atl ton om i«ro 
OSAO otos Ml   i.i 
OtAt   44Ü02 CAU  LlTl 
OtAl   10 I« L 
02A4   447402 JPT   OUTl 

I   OUTPUT   CMAMtl   M*ti*S 

OtA» QCOT aiTti m\ %,i itlll  AtdtltS 
OtAt  l4#0 oti ton tATTACH  00   0.». 
OtAt   441102 CAU LIU 1 OUTPUT   CMAAAfcl   # 
otto oto« "VI  i.t 
Otts o«ro »vi A,ton lOUTFUT   '0' 
02»4   441102 JMF  LITE 

I 
t L1JMT   TU7   4*0   ILAA* 
I CAIUO  0UIU3  A9«A-Uf   0«   USlT 
t ACCUn   -04T4IIM»   TNC   DI«*LAT   J*T*. 
I IC31STC*   t  COATAJ ft*   TMf   MUX   LlTt   »URAfA 

Ott 1 0497 
ottt tfl M 4«C 
otto 1113 
ottr IfOA 
OtCl ei 
otct 441102 
OtC* 0» 
OtC4 MCI02 
otct 07 
OtCA HC 
otcc 2f I9144C 
otto UiO 
0202 \W 
0294 44CI02 

fUTi 

TUTLi 

»LAI 

lit 

"VI   i.T 
LXI   M.tSTAT 
"Vi   A,10* 
RVl   5.LT 
wov A,: 
CALL  LIU 
XA   | 
JP  TOTL 
AIT 
«VI   «>.' 
LAX   K.StTAT 
A»*L0 
*vi o.orr* 
•*»  TUTL 

llUAk  CTF   .lit* 



MIO«A*   IFACi   0400*   TO   QlffH 
IS  tftlO *OA   TMC  fLOAlUJ POl»T 
PACtAtt.   A^CASII   C   MUfATf 
IXCOPTS now iNi iniL 
USOS  UMAftY. 

CM 

•• 



F 

9000 

0007 
0009 
1340 
IOC 

007» 

OlS* 
01)4 
OICO 

024% 

or» 4 
om 
or re 
1340 
10*0 
»070 
OTUF 
0441 
3444 
043? 
0404 
04* 
0404 

2472 

A/0  AAMPlC   400  HOLD 
TN1S  tCCTlOA  C04T4l4f   Tftl  COM   TO  FtuTtftlY 
miu TMi *OAUL* (tu rtxT) OAT« 
4C0UU;04 MOOULU.   ALSO   lOCLUOi*   IS   TA* 
•WAO"  AOUTIOC   »UM   OCACJATU   T*4 
«OLTHCTCR  OUTPUT  04  TNI  01«PLAT  LlJUTf. 

UUATU   40T   AOOOTATCO  C44  M   POUOO   14 
«UVIOU*   S4CTIOO0. 

CHO Wt 1 
LATH Uü 7 
HiTTf cot 3 
MM Ot I J40* 
mac* cau i :*r» 
SCMOA cot 00* 
LliT COU 004 0* 

COLT 

• TOIP 
• l4TP 
3IJPL 

COt   907IN 

COt   00*4* 

cot 
COU 
COt 

3(44* 
0134P 
JI:O» 

CLlTC       COt   32A%« 

OOP 40 
SToor 
•ULT 

LOO 

0TF4P 
or'*« 
OTFCM 
1340ft 
» J»4> 
»070* 
070T* 
0440« 
044C* 
0407* 
0404* 
040C* 
040«* 

I472M 

I OUTPUT   POAT   I 
iitruT FOOT i 
ll4Pu7   FOOT   2 
i ft** ooT4 laruT »urrcA 
lD4P4wT   MLR   C«44A4L   fTO*i 
iSTor CUM 
I OUTPUT   I   wl44 
»or Ten 
(OUTPUT   0AA44.it   44T- 
11.144  'Ub 
tl4t>w7   0474   FftOP 
I0PCP4T04 
lOCD-AfCit 
|F.P.-0I4 
(OUTPUT  0474   IC 
ILIJNT   9UPL4T 
(OUTPUT CAA4 •   la 
t'4'   TO  01SP4V   LlOMTI 
;   10.0 
t   010.13 
(     II »I  .* 

COU 
COU 
cot 
COt 
COU 
COU 
COU 
COU 
cou 
COU 
cou 
COU 

3U COU 
I 
i HSS042U 
L4CA0       COU 
I 
I 
I *tM0L3*   CICCUTU   044   I4I0>LC   440   «CLO 
; CTCU.  AOO IOPUTS  4  OOOSU OTTC 
I OT   «A4   34T4. 
| lOPUTt   4CUP   .04141%$   "wl   CM4404L 
I «..   P014T   TO  UtYTC   1704444 

J 



1413 
VI 
1410 
)J 
ocu 
)J 
« 
1440 

i otutTtnoi *,t 
I   OUT'wTi    ••*   lUTMTCO. 
I 

II 

IIJ 
II« 
II) 
\%1 
lit 
114 

4# 

PH 
li 
4t 
141* 
KIT 
'• 
OT 

«1 10» 
MT Gno 
mi If» 
OUT MO 
«I ion 
OUT CMP 
1» «tYTi 
Ml 40« 
Ml KCAO 
I«   wiTTC 
at OPfH 
no« 4,4 
oca k 
l»  NiTTf 
Ml If* 
ni IT* 
no« 4,4 
•IT 

k.»t-l 

lOIJtT   4/3   404*4*4. 

ilinttf 

i noes 

icntca rot 446 or »o»«tiT 

llBPWT   44»  04T* 

ooift 
oitr 
9021 
Oft« 
oot) 
1010 

If 10145« 
•44t CJ 
itotitrt 

i 
901) 

90i» 

tforur4 
400 40J 
IT 
If i 9145« 
404401 
ft Of MM 
400COJ 
ftofitrc 
400*01 
0? 

i "tvi* cttaaii «4» ri04r:»4 »OUT O4T« 
1   TO  «04.T40I   J4iTS   mOtCt 110444. 
I   TO   THE   »44   94T*   rtOP   TMf   4/0.   "Vtl" 
t   fftfOtftS   TMf   laVftfl   0ff44TlC4. 
I 
•«ii       mi NvSTott 

C4U.  LOO 
ml Nvi3 
C4U.   01V 
LXl   N.U 
C4U.   U 
KIT 

«it      mi n.iTotf 
COAX  LOO 
ml *.i: 
eou *WL 
ml M,U 
-4U.   40 
OTT 

t 
I    'OttO'   U  WHO  rot   C4L1004T104  Of 
t   40T   OUltlO  CMOtOlL.   OUTPUT   11  0*   Tft» 
I   0121T4L   01SF14V   1ft  V0LT40I   U41TS. 

I 

|4*4/0I».I) 

|4»4-I0.0 

I' 

|4*4*0ltl.) 

90«?   U1414T2 44401 ml   «.4.41*2 iMOOtT 
004»   401000 COAX  HIT 
004f   4ff000 C44X   «T |I0?VT  C4.   40. 
90)»   44TI00 COLL  CtlF 
9054  tt 101440 ml M .00040 
00*0   401401 C44X iroir |OC0»«OC11 
00)0   If 191440 ml ».oopac 
90)*  C? no« 4,ft 

M 



Ü 
15   «4 4 »04 

ff »05441   BUT I 
CT 
«10)441 

«fl?l   44000« 
0t?4   449401 
«7?   «41 »04 
0«?4  ttl01€TO 
«n 4«orot 
am 44CO0I 

4f 
15   I* 

9   44T100 
444TO« 

mi «.awe* 
no« «•* 
C4U. CUU 
uU «.mac* 
«0%  4,0 
til   N,«O0»l 
C44.L   S»Oie 
C4U. iioro 

mi N.fttsiT 

tSTOftl  C*.   40. 

lOlftOVAV  C«.  «0. 
»C04II4U4 
lOtStOM CM.  M. 
|P010T  To wOOTTi  ST 
I XT  0*14 
iCOftVCftT  TC F.f. 
iCMAft«   TO   V04.T« 

cou. oiwn 
1«   4 

X  «IT 

j#r «tic 

loco-f .r. 
S01SOIAY 
iSCAA  TTT   POO   14T 
iHT CA001 M^ 
iir 40 14T, *I 
|HOM 0«T4 POOF 
tSOHt   CHAAAA^ 

140 



1 
I 
I BAU ACOUlSlTlO* ftwnats 
I TNCSt   «OUTlOU   Mt   UttO   TO  #MTi   OlMAlCAt 
I I Mflf  AM  TO  MOVlOt t&lTlM CMMItlTY 
i f» *MOT*T:».. Mt 11 mm out. 
t   10 AMI TIM.   TMC   "MXT*   ICtlllli 
I   NM1M   'OH   MI1MU   TIM.   OttATS   MTM4* 
i  *<xri of SMfii: DATA PQIBTS 

» 
I 

MO 00*0* 
t 
I   10<MTU   MT   MMTAU5  CAA  04 
I   fOUM   I»  MtVlOM   SfCTlOM 

If &Bc OA» u.M   »it: 
SCUM iOv 30» iSTO*   w«M 

|f«0 OAÄAÖ iOt i^OOf lOwf»   *CA   •».*** 
009? C«T»L tftt 30»T* ifVSTt*  MO«: TOO 
0049 MXA* £*t Jo*>" tftlu.   T*A*   tDfif 
90K -C It* 30?C* iwOMOCi   OUT 
MAI AttOi lOl X>A.» iwOPM**;   HuMillOl 
MfC ÄTD U«. OOfC* little   Ml   *4#ft* 
M*i :»„' £0t JC'J- 
Mti tlfT t.w  MIO» 
Mt» MT Ut  30#0> 
5.1* iT»I> tOt   JilA* 
tOM xr%:      lie  io«or 
I0V0 »tt*.T       tOt   ..*> 
I0M STMI        tOi   1040** 
X»»* «CMC        tOt   1A9* i«4l   Of   5UMC   »t. 

I 
1   «tSAlll 
1 

MOl                        Lt»» lOt 2401* 
ton                          LMIT tfci 14 U> 
10t>                        tf»»2 tOt 2411» 
2*91                        LlU« CO«. 2*»»!* 
2?9C                        tCO» tOt 2*9*> 

I 
;    'COM3'   JPMTU   THt   50MOIAAT1M 
i iMom» of * ii¥t* *-*. 
t 

MAC  24 1314**   5OM0t     LAI   w.lTMA»*        u«Ml  iOMDiAATlOA 
I   MttM*   14TC 
<   A.i.C.fi 

4  ti M%   *,F 
9 ii IM t 
Ml OCA   t 

Of WO«   0,f 
9   3401 MI    I ilKBtM*!   AM 

t   MClRAl   AdwaOT 
Kl* 5*1   AA+ f:   MC 11    10   ? 

-« 



OMt *OA*-« JVC  AOyi 10400» ir mm. 
amc cc NO«   i.A ifLtt I4JT0OA 
00*. 44CD0« JIT ooatt llIIT 
00*4 OtJO A&Jtt N*I i.,o- IftUCT OAITS 01 «IT 
JA*A C2 NOV   AVC tCMCCA 10'S   Ul-.iT 
a*? 0401 AOi    1 
oo»» *C*A 

AOCSO* 
oc 

C»I   Aft* 
JAC   AOwi 
NOV C,A 

j«r ««.DO« J»   M04 l 
Q9C2 1*10 A*W2< NVI   C.'O* lAISfT I0*S 01 ill 
ate« CJ NOV *.; tCNEC« lOO'S   D1ÜI 
OSC) 0401 Atl   1 
OOC' K1A an u- 
OOC» 40CS0« -AC  AOaJ 
atcc as nov ,.A 
atcc J*** ooatu NV;  .,•»•»* »ST0O4 4th    Mtl' 

otcr r» NOV   P,S 
oox ll oc» L 
O«01 r* NO«   •.. 
000? |l XR  L 
QO DO r» NOV   •,. 
ooo~ cr NOV   l,F JMMI M.»    »UNO£> 
ato) 44TCO0 CACJL  CC 
at» 50 :« k 
00 Of ;F NOV   t.~ 
a*o* 4*"COO MLft, •• 
at&t 50 10  I 
asM Cf NOV   |tP 
aw» 447C30 -A4.*    CC 
au2 0C2C *»v: !,• • |0c?*Li 2   J'»VU 

aic« 44?C0 wAU.   CC 
OOS' 44*C0C CALL   Ci 
agtA 0^ «T tAACA    Tt    ^Al*** 
aio icac MMM NVl    O.'O* |OVt»f. uft 

ate: 44C0O« JNF   OOAil 

*KUNNO" •-.»:.   -.' 
IT   IS  l»TUU.   «Sfll 
iMKis >i use» TO 

OjrO   U2?J«*}   »UAAOi      Uli   ",kM 
00*4   44XS0C 
oor* it Mitoc 
otre «sreoc 
oort A4*^oo 

CALi. ST 
Uli    N,»k*H> 
wit-    «U 
jwr ciniL. 

<•-*   AC. 
•wOATHOC   If,   AAi 
IM01 Jt»;u. 

I 'ftklA   AC. 

lAcANft   »4J1 

t 
I 
i   * 
I 

'CHAT"   IS   »SfcC   TC   rL«4  AAC  *.»Ti* 
OM   Li«   :ONMCkT. 

0*0 l   2f.2?J4K.   CNATi 
0AO1   4*£000 
OM   2* l i140« 

Uli   -.w-ur 
CALL  LIST 
LSI   - .   100* lACAAA   »A.* 



J90C   44FC0C 
09öf    449?0C 

;AU. nit 
Hr   ClTKL 

•to;:'" FomuTs rni "F:W4- 10j«»u[.u» FO* 
LAT£» «•*:»: OUT. oS£s uf AS :«» L4C1 
ifcT»-   TC   Tt--:h*Ti   TMi   M4.COft0. 
•COATUQL r* :s HU re ex;: :«* nc:.»*, A; 
AfT£ft  £DlTI»a  Afc  tKliTIfc-j  Fi^*.   "CjfcTfcu.   Zm 

IS  USÄC   '. -  ST£ft   •-**•*«.   TnAow^f   -«»  _'..:.•»- 
•£CO«t   »•  Oil DC*   H   i-biT.:.:.   CtOMCTSM. 
~«l*OUT~   1£   wit.   TC   S7£P   bACfttoMS   »-t^   -» 
£xli71»» ft£CO*t  1%    "DC*   IC  HMTITUTI 
CMAftACTiftS   ("MUiOLT'   AI«AT£   »*£w«.cOS   TUf 
•4 b   CM Aft ACT L»   S>l»«i>. 

;TC#   Of   OwF* — 0912  HlFMOl IM 4   • UÜ   HflM—»1 
09 •«   44FCJC tLi -Oft: -A..^   J4T. 
091»   44? IOC .*..   CRwF 
NIC Ji X»  .. 
0910  O "OV   A,M 

09il   JC04 eft: teF 
0920   U)^v JZ cnu 
092J   iC :• L 
0924   M . •*   L 
092*   44t40* J»#   UOO* 

;•:.:.»•   LAST   £»T»1 

•HOP •   »HUTi   .t:   Tut   ntjt     «Mi C«   •-. 
tftTEJUE   fcT   TH£   AfcCVi   bOUTlH. 
.: is ACSC ust;  re   .wi»i: ^-,.::-..;in 
»£CC*DS   *1C»<   i%*   Mini   A   i£ftA*A7t   L»   .* 
u.-lKt.   COflTAl«   A*   JV£ft«J»  ftftcTt   :.   » 
TC ftft£»v£AT A« :»#.s::t _w7p.7 ^JUP 
:• TM£ t%£»r TMA: rui *:*$: .^ U "wax* 
•AS  £»o£c   »;:*   "„c*:*üc  F- «:«!)!   >t» J. 
:O*F«A»;   «o*u »o* i»7ft»   :   Tltf" 

C921 44 ''IOC «Oftt -AL*   -A..F 
3»2£ 44*1 A. CAU.   Cfti/ 
3»2£ 2£l*i« Lfti   ».**£»>»• 
09li C1 «LOOP: *CV    A.P 
o»i: J.OC Cft;    S^hA* J _ M4 - »     •>.»    i- 
091* «4«0S A  »*.»• 
J9lt JCOA en  WF |Mi    F<*   40* 
09 lA 991 J9 02   DC** 2 
091 fc 61 NOV   *,. j^n;*:   .#.*•*.:** 
0911 44'COC CAU.   H 
0941 10 ML I: :•» L ;i£T   AtcTKi» 
0944 :» FWV   A,k iQHKM   fjft   0V4ftftUA 
09AJ scoo Cft.    0 
394* W*C9 M   £9)912 
0949 44120» J«P   M^OOf 
094§ 44'IK 4£lT: CAL^   Cftw1 Jt-Ci 
0944 444109 J»»   ML» 
09^ M^IJC I4t     : CAw4.   C9LF 

1 



J994   J7 

MM   ZI204J9 

39*:   J" 

3940   449' 

3*4?   4*U--V 
,94*   ^i      i**- 

-.»4£ 
3» TO 

39?J 
J9?' 
39?9 
39?A 
3»TC 
3»?r 

:9«3 

•-• 

39» i 

itoa 
444M JO 

2£i -.S4A*. 
J£}- 
31 
IC02 
449'. 

I« 
II 
KOI 
44»' 
it I Ji«At 
it. • 
44*^9 

I 
»£T 

Uli   N.4.£»»S 
-ALL   -ÜT 
*£T 

;£MO*   "S*   -cT 

; "*:*«.*   Ii   -$£:   Ai   TMfc  t»T«Y   *Ol»T   FQI   I*«, 
I OUTPUT   Of   TMC  »c^T.-_.%f   *£CJH3  iATtJUO 
: «irx •£ si :".*•«;»-of" .i :-t  !»:*• -  . .: 
: *on •LLT.-L;«* HI-JP» AQI»:£D ic 
; alTM   -*L.   ÜJ.   SUCH   4£io«3S   HUfT   KM   «ITM 

I » if  :»   SCdU£feC(. 
; I«   AJOITIO»,   *L^   SUCM   *££0*JS   "»-iT   «Cl 
; :*CSi   •»•- u   BOUAOAAILS. 

; 
*I„£:        CMJ.   »3* 

$ *•*.:- .    .*iz re iToitf * -^*   --.«A*« 
: «*:.*   ...   -S£2   BY   *SwA»"   1»   J»li- 
; MMM   A   D£L*Y   &£?•££•   DAT*   AOi»T-. 
: 

:*4.^ ---O#) 

.>**   ^£COi 

|T0  TU»A   ->• 

•-   • • 

*S i 9 t 

par i 

; i£T    mil   - AwTOH 
.- • Jf   >;• hi 

.».    -,-TA^Ik-    -       ;,:.-;     _M«    JU*' 
*VI    ».»J ;*l»t    JT-*A,U. 

XJ»   L 
•VI    -,. ;.OAASt    j£.-' 

•v: •, »# 
x» - 
•v: *.i 

JB Kur 

3994 2£ 1334*3 
399« £ 
3999 ic 
399A 3f 
-99« 44«?00 
.99£ 2 

:   *VWA;T-   v*«j*et:   -A.:   , .t-     '. •«. 
I   CALw£3   8*    T-t    ;.1\   «-.7.U    7-   MtViu«. 
:   »ACVIDC   *   XLAT   S£T*£i.%      *'*   -   ..Ti. 
i 
^•WIITt      L'.    -,i"Av.Ji-lJ      |COA«S£   DCLAr 

•cv  •. .• j-Oun:£S 

<>L^<*:      «OV   3t* tflU   -t^4'   .vJ!i» 
:ALL  3C«.AY*2 

X»   £ 



r 

Jm    4S9MÜ9 
3»* :   3? 

-4V' 
»fcT 

4'^jW 

'M£S£   »OUTi»fcS   A*t   USAJ   Tu   I«#«OVi 
OUTPUT   «CADAftlLlTY   |1    4WJ40.4«   >t 
»iSuLi »tirrcJt ro 4 su MUTS« 
~«0£X4~   AaSUPlS   DAT4   •€   i. »*^-    It*» 
•   0    -    9>»t.   MO   li    -Jt.   "Al.*. Y 
FOII   rfOLT»*   OUTPUT.   CI TUCK   "YLSt.x" 
0«   *40£*4"   «UST   et   -AU.Ü   4fT£4   "*UL»0* 

'flOUtO*   IS   JSLO   TC   OUTWI   4   Sii»iF4.A»T 
QUITS  MO*   THl   DISPLAY   -t ... :t-. 
4.0.&.M.L   D€i7*CY£0,   »0   la^UT   UST«i..;:owi 
«*>   II    l|   ASCII 

J9AJ 2«0. *OU»C: •.; i,i StlTH?  couftTLfc 
0«M* 2£lJ.J4AF -j»; H,sT*c**i* }»£S£T   JVlUfwwfc   3.T 
->«M» 5£3C »VI    «,0 
J9AC 2£iai«"9 LX: H.USLT»» 
O*AF it C04)* • : X*   L »PulfcT   TO  uSO 
,*fe CT «K3V   »,* j iCT   IT 
09dl KM VI    -.* \l»    DP,   .uW 
JH: 4W»Fj* -: co»:: 
C9t€ 1£0D «VI    • »SCUM •.-«.at   .kit-7   .m 
J»M 21 X*  £ ;UxT 
J9*9 4«AFJ* .MB   -.4*1 ;.r   £:w,   -C4t 
3M- 44C40« JfV*   SIC :.#-••    DI UT1 
JSeF II -   «T«: X»   . 
3»CC KiO Mr] «.ion |1HU!   ££«C 
.«•-. II X«   £ ;•£*: 
MCJ *«*F0» jftl   C04JT2 tIF   £:0,   DOftt 
39C4 i SI ,: X»   . ;»'0U7   4T   OIJII 

;   TO   .-•.    JP£»AT£-   -4 
MCI J1 MV  4,* : *£T   HUM.   -1 Ul 
Z*CM Ü.J* :P;   *.• tlF  «5P   it I   in: 
D»CA «s: - wft£   w0»Ti ;£wS£   w04)Tl4Ut 
D9C3 II OCA   L 
.».i -? *0V   4.« 
3»CF USO »VI   «,10*» llMfftT   0 
>»v JC3* MI i^« 
J»Oi 400*04 x £x:T5 
)»iW 44L0O9 J* co«?* 
J909 5c J* :o«Ti: CP*.     J}M ;IF   « f m   Ml 

I    40L»0 
0»Di •OC'JA JC DUTl 
.•Of J£00 «VI    «,SCH4* t£LS£   IttiftT   .4 
09(0 mi CMtli •%; £.i JO;*IT counTtJ 
m: it :o«74t x» . tPoi«T mi 
0»CJ CT *CV    4.» i47 4c •: 
m* KM -PI     V :.»    OP   itT   %«. • : 
Jt£« *«£209 ji --»*« 



J9C* 0401 401    1 lELll   IMC«      .'IT 
o»o ki» C*I    UM il* • to 3o*i 
JH: 4J090A JC  EXIT2 
otro ieU NV1   K.JO*. ;t>it   «l^U   CAAttY 
3tr2 21 DC«  C I«CXT   JlilT 
o»rs 4*4 205 JK   C34T4 

Off« M Uttl Kl  L I«T MM MM 
o»r» C7 MOV   4.* 
3>ri K2X cfi  V I If   OP    AT    »t>T 
J9FA t«F«o> JZ   LAST 
j»ro 0401 Awl   : tiACft   01 ill 
39 F* kit C*l     iA- J IF   JVEAFLO«   JUFA» 
OAOl ««(30* _: 1X113 
0*04 44090* JfT   £*2?2 itlSE  »*1»T 

3A0? 0400 DU Til •V.    A.iCHA« ikonnA«. ixi: 
3A09 Ft EMT2« •OV  •,* 
3 AC A 2£l33«?0 uir»i UU   ",»»£S LI tSUl   JtT 

A ,£ CF MOV   »,• 
-*wf 44?C0© CALL  CO 
JA . _ J7 «7 
3A13 Jtl- MHI MVi   ".JO») iiastJiT w 
JA.- 21133473 te*I   "<.*ESIT »DISPLAY   iKlFFcX 
3A19 cr »OV   »,• iSI 2ft  MM 
JA l* 44'COO DALL :c 
3AlD :i:. •vl  fc.'i • tOVCMFLuk   01 Al 7 
3A»F 44TC00 -At*. :c 
-A.. 2£l03(AF wXl   «,S7AC«»l» lSC7   .vtNFtcv  FLA« 

:A.* 3E31 *vl   A,l 
JADJ 37 tIT 

t 
; "«OCX4"   IS   -SEO   TC   -»AftiE   »^Of   t X»Cft* AT 1 Ai. 
i FCAIUT   TO   XCiFAL   F0AMA7   FoA   «OftftE*S 
; •   .1    .   «HIST   %0T   BE   -SID   FoU   »EiOLTS 
; «~    >    -   99»».   46   THE   *GLT;A4   ASS'J^Ai      ». ' 
I SMALi.   ftUWftUftS   ARE   Ik   *E"   F0*)f**T. 
I JSCD   TC   :«F40VE   T*£   H£*DAAiLiTY   3f 
I VOLTAJC   OUTPUT. 
: si «a is ASSUPC: AL*EA„Y  X.:. 
I 

3A2»   -i •A*   »Ot.X4t      LXl    H.JTAC«*!*      (CM£CI   'Oft   uVAftFLCft 
3420   :7 »I0W   A,* 
J42I   5CJI :fi   I 
3ASO   CA?E0A U   EXIT« l007»dT   DAUNT 
JA33   2El33«?9 LXl    -.-Sa.T«. iCN£CK   FO«   I   FOAMAT 
3*37   C7 MOV   A,* 
JA 34   BC4J OPI     £• 
3A3A    4-. •    * J«   EX1T7 | IF   40.   MOAnA«.   «.XiT 
OA30   2f 10347t LXl   N,AtlL7*l2      ; * '   •   OtClMA*,   »LAC4.S 
3A4I    D" "OV   A,- 
JA42   2£lOS44# LXl    ««,S7AL*»I*      |SCAA7Cw 
JAM    1441 SUI    'I* \§   tei.*0l»-   1*1 
0A4S   F| MOV   •.A {SAVE 



3449 
3444 
344t 
044? 
04)2 
34)« 
34 V 
34)9 
04)* 
34» 
34)F 

0443 
3444 
34«) 
04«'' 
34«4 
344* 

34 «f 
34TI 
3474 
34 7« 
0*79 
34 7* 
34 70 
34 Tf 
3442 
34«4 
344) 
344) 

CO 
SC04 
«04/04 
444*04 
21103«*/ 
Cf 
0404 
91 
10 
2f I03«7| 
cr 
«47C0C 
30 
:7 
3ca 
«4 «334 
21 
44)*0A 
07 
3C2i 
447C00 
3C30 
««7C00 
21 
4f '«O* 
37 
21 ion'1» 
it:. 

>£«wJ«7| 
4 4(4. 

J4#C 2*133*4/ 
3*90 C7 
0491 34.31 
3*93 e*7to* 
3*9« 2£ 133**1 
3*9* 44UO0 
3*90 2tl03«79 
344. 4«tfC0 

SElPOt 

:t»oi 

:LOOPI 

••::«: 

icoutrt» 

tlF   »3   O'S,   »4*444:0 
IOUTPUT   U401»j  O'f 

|4£STC*t 
I«  II«  3liiTf 
towns •tiuui«* 
IC0W4T14 
lillP   SIM 

iDlilT   OUT 

t**ip JP 

IUOJ:».» -'» -«.: 

t.* 

joe :uc 
ZHX  Zt»0 
w*I   N,ST*C«*l) 
wm • ,* 
WI   *,4 
sut • 

OOCCTi     UU   -,IULM 
XOOP:      *0X   1.4 

C4ix :c 
I4t   L 
«ov *,P 
c/:   •.* 
-: MIPS 
X* t 
J4Z   XüOP 
•IT 

.*4U     -t 
«Vl    I.'3* 

X*   i 
.,42 :IOOP 
•IT 
Ui   *.*t*LT-» 
*Vl   «.SCMA» 
Kl 

i.*::*:      Uli   -,»fJLT»i 
-4P   t!$T 

» 'vuw i* a*to re *tr*i* *i* fo44*: n 
I   0»DC9   TC   31SPLA*    *l»*   »44 it   3*   .1»*   »**-- 
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; JUMP TABLE 

; THE RECOGNITION ROUTINE ("RECOG", 00A1H) 
; COMPARES THE CHECK-SUM IT COMPUTES WITH 
; EVERY THIRD ENTRY IN THIS TABLE. IF A 
: MATCH IS FOUND. THE FOLLOWING TWO BYTES 
; SHOW THE ENTRY POINT FOR THE DESIRED 
; ROUTINE. 

; OOH MARKS THE END OF THE TABLE. 

0000 
1 

ORG OFOOH 

; EQUATES 

0847 READ EQU 0847H ;VOLTMETER FUNCTION 
08F0 CNTLR EQU 08F0H ;"RUN NO. " 
0901 CNTLC EQl i 0901H ."*****  - COMMEMT 
0912 EDIT EQl 1 0912H ;TEXT INPUT 
095D FILE EQl 1 095DH ;WRITE TEXT 
0963 WAIT EQl I 0963H ;DELAY FACTOR 
098B Al EQl 1 098BH ;3 MS DELAY 
097F Bl EQl 1 097FH ;15 MS DELAY 
0973 Cl EQl 1 0973H ;25 MS DELAY 
0C35 SSCAN EQl J 0C35H ;SET SCAN ROUTINE 
OCAD SCAN EQl 1 OCADH ;TAKE DATA 
0E49 MOVE EQl 0E49H ;MANUAL CONTROL 
0E60 DUMP EQl 0E60H CONVERSION FACTORS 
0E8E MTEST EQl 1 0E8EH ;RAM CHECK 
2096 RUN EQl 1 2096H AUTOMATIC CONTROL 
2161 UNIT 

0 
EQl 1 2161H ;INPUT SCALE FACTORS 

OFOO 1C Jit DB ICH 
0F01 4708 DW READ 
0F03 12 J2: DB 12H 
0F04 F008 DW CNTLR 
0F06 03 J3: DB 03H 
0F07 0109 DW CNTLC 
0F09 26 J4: DB 26H 
OFOA 1209 DW EDIT 
OFOC 20 J5: DB 20H 
OFOD 5D09 DW FILE 
OFOF 35 J6: DB 35H 
0F10 6309 DW WAIT 
0F12 41 J7: DB 41H 
OF 13 8B09 DW Al 
0F15 42 J8l DB 42H 
0F16 7F09 DW Bl 
0F18 43 J9t DB 43H 
0F19 7309 DW Cl ' 

0F1B 31 JlOt DB 31H 
0F1C 350C DW SSCAN 
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0F1E 25 Jilt DB 25H 
OFIF ADOC OW SCAN 
0F21  37 J12: DB 37H 
0F22 490E DW MOVE 
0F24 36 J13: OB 36H 
0F25   600E OW DUMP 
0F27 80 J14: DB 8DH 
0F28 8E0E DW MTEST 
0F2A F5 J15j DB 0F5H 
0F2B 9620 DW RUN 
0F2D 40 J16: DB  40H 
0F2E  6121 DW UNIT 
0F30 00 STOP: DB OOH 
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; CONSTANT  STORAGE 
I 
; THE FOLLOING  DATA  ARE THE  FLOATING 
} POINT  REPRESENTATION  OF CONSTANTS 
: USED THROUGHOUT THE PROGRAM 

0F31 ORG OFEOH 
OFEO 81000000 16: DB  81H,0,0,0 ;1.0 
0FE4  7A000000 15: DB  7AH,0,0,0 }.0078125 

0FE8 
» 

ORG OFFOH 
OFFO 8A4C 11: DB  8AH,4CH 
0FF2 C99A DB 0C9H,9AH ;819.15 
0FF4  84200000 12: DB 84H,20H,0,0 ;10.0 
0FF8  8A4C 13: DB  8AH,4CH 
OFFA  C99A DB  0C9H,9AH ;819.15 
OFFC 8D7F 14: DB 8DH,7FH 
OFFE FCOO DB OFCH,0 ;8191.15 
0000 END 
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VI.  RECOMMENDATIONS 

The ADL software was developed on an existing 

development system which used the following: 

1. 110 baud teletype for program listing. 

2. 110 baud paper tape punch for mass storage. 

3. 1200 baud high speed paper tape reader. 

4. 1200 baud CRT for program entry and editing. 

While this system is a useful tool for writing and 

debugging small programs, it is not a viable system for 

large scale development. The percentages of time devoted to 

the creation of the ADL software package was 153 logic 

development, 556 manual entry, 1555 debugging and 752 waiting 

for paper tape and teletype output. The last figure 

represents a significant and costly waste of manpower 

assets. The following system - while more expensive - could 

easily pay for itself in man-hour savings alone: 

1. Floppy disk mass memory. this reduces an 

edit-assembly-reedit-reassembly cycle from up to eight 

hours (for the entire package) to less than five 

minutes (also for the entire package). 

2. Line printer for producing source code and assembly 

listings. 

3. Resident high level language such as BASIC or PL/M to 

enhance complex logic manipulations. 

The Department of Aeronautics has recently acquired the 
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INTEL HDS 80 development system. This system contains the 

above components and is presently being used as a data 

acquisition system for an oscillating flow wind tunnel. In 

addition to data logging, this system can perform on-line 

fast fourier analysis of data taken in a highly turbulent 

and non-linear environment [2]. 

Microprocessor usage presents a unique problem; namely, 

better CPUs and more advanced peripherals appear on the 

market almost monthly. Therefore, a U-P orientad system 

rapidly becomes outdated. The software for the ADL was 

written using industry standard techniques. A change to the 

more advanced 8080 CPU can therefore be accomplished (with 

minor changes) by simply reassembling the program with an 

8080 assembler. Such an update is recommended if the ADL is 

to be used to take higher frequency data. 
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APPENDIX A 

GLOSSARY 

1.  A/D: analog to digital (adjective or noun) 

2 assaioly: A listing vhich contains both source code and 

•«coin« cod«. 

3. BAUD: A data transmission rate expressed in BITs per 

second. 

4. BIT: Binary digiT. A single unit of information in a 

binary word. 

5. buffer: A group of memory locations used to store 

specific data (input data, constants, output data, 

etc.). 

6. buffering: A process by which electronic signals 

possessing different properties are made compatible. 

7. byte: An eight-BIT word which is processed as a single 

guantity. 

8. CPU: Central Processing unit. The area of the 

microprocessor which computes and seguences all logic 

and arithmetic functions. 

9. coordination number: A seguential, numerical label 

associated with a set of data points for a given run. 

10. CRT: Cathod Ray Tube. Also used as the generic name for 

a television type display. 

11. D/A: The inverse of the A/D process. 
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12. data logging: The acquisition and tabulation of data. 

13. EPROM: erasable/programmable read only memory 

14. driver: In a software context this term refers to a 

program used to control the actions of an external 

device. 

15. external device: . A physical device which is not an 

integral part of the microprocessor. 

16. glitch: A missing BIT in a byte of data which can occur 

during data transmission or conversion. 

17. H: A suffix which indicates a hexadecimal number 

(Appendix C). 

18. I/O: input/output 

10 
19. K: A suffix which indicates a group of 1024 (2  ) items 

as in '4K of memory' meaning 4096 memory locations, 

20. machine code: The BIT patterns actually used by t'«. 

in order to carry out its assigned logic functi 

21. MUX: a multiplexing device 

22. nibble: The upper or lower four BITS in one byte. 

23. OS: Operating System. Another term for Software 

Package. 

24. page: a 256 byte segment of memory 

25. RAH: Random access memory. Volatile memory used for 

variable storage and data manipulation. 

26. register: A storage location located in the CPU. 

27. ROM: read only memory, non-volatile 

28. software: The program which resides in the O-P's 

memory. 
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29. source  code:   The  program  written  by  the  user. 

30. 0-P: microprocessor 

31. 8008: An 8-BIT 0-P device. 

32- 8080: The next generation 0-P from the 8008. 
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APPENDIX B 

VENDOR DATA 

The following specification sheets give the major 

properties of the hardware used in the ADL system. Also 

presented are the I/O pin assignments for the 805 processor 

as well as the pin-outs for the other connecters used 

throughout the system. 
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WPS 805 MICROPROCESSOR 

SYSTEM SPECIFICATIONS 
Phyucai 

Three 4 S" by o )'   punted ^iiuul -*"J* 
One Hill t PU card 
One »I 14 Input ..an* 

One8ll$OuiputcaiU 
OneailbROMcatd 

- One 8l|7 RAM card 

Connector Requirement toi <ra*.h vatd 
56 pin  28 putiiion dual read-out on Ü I 25 • enters 

CPU uiJ includes 

KKNtCMJ 
Crystal cloU 
Addteu laiches. data butlers, and control decode ctrcuilS- 
Power on and external 'estart 
DMA bullen 

ROM C«id includes 
One I ?02A PROM (25b bytes» and eight PROM sockets 

Socket for -aid expansion circuit (up to 8 cards) 

•'•*•». ^ •'   in tuJe* 

\ <»•   ••« R%MH024 byiesrand thirty two RAM sock*'« 
*»)   e* expansion o-uu (up to 4 cards) 

.-• i      t-J  ictutfti 
'." F* * ir.ft   »eleciui i irunU addressable tn §roupa of 8 

i k*l *~o*   < rj expansion c:tcutt (up to 2 cards) 

)>ir«u. Card   iciud«> 
.. TTI output latch wircuiti addressable in (roupa of 8 

docker tut ears] expansion Circuit (up to b cards) 

Operational 

CPU 
fcxecutcs all of the öOOb" inii.ut.uons. 

4 microsecond time state cy Je using 8008 (MPS 1805) 
2 8 ftiKiotecond time state cycle using 8008-1 (MPS 80S-1). 

Memory for data or program vor age -ard expandable to any combination of ROM and RAM to it>J84 words 

ROM. 2048 word capacity pet catd- 
RAM. 409b word capacity per card 

input and Output 
'»put gates implement the INP instructions. 

Ju'put latches implement in« OUT instruction« 

• 3  ot t?*te">al Restart 
- •*,* line, svwhronund interrupt on CPU card can be optionally wired for multilevel interrupt or Power-on external restart. 

Mult' level Intetrupt   . jntrot line* available for external mienupt such as 8118 priority interrupt ward 
Power -on and external   estart option   CPU start« at instruction location 0000 bv wiring restart output from CPU card IO Interrupt Request input 

MA'Direct Memory Access) 
Data, address, and control   wes ate 3-stai« diaconnected by the CPU following a HLT instruction alluwmg 

MA by peripherals  TV ' PU *nuxi be interrupted to conitnu* following a HALT 

bJeiir'.al Requirements 
Refct lo individual data sneets and schematics on the 8111. 8114, IMS. «Ho. and 811? lot interlace and wiling 

Power Requirements for (he five card set fully loaded 
• VCC • tS* * i 1 Amp maximum (35mA per ROM. 50mA per RAM) 

CNDO volts 
VDU -    9 volts t5 t» •»00 mA maximum(35 mA per ROM) 

Hardware 

Compatible with Series 8400 int«rf«<.c cards. 
Fits CR5.1 R10 or CRI9 card racks 
Use M273 puwer supply 
PROM's programmable on Series 8) programmers 

Sol I were 
MPS 800 hardware is fully compatible with any 8008 software assuming I/O and inierrupi can be nasjwd   joipetihlv   Teletype operating wwem 

and system monitor available  Assemblers, compilers and simulators available through computer urn* warm* vtrvues 
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8 CHANNEL 
ANALOG 
MULTIPLEXER 

MODEL MM 8 

FOR ANALOG TIME SHARING - $69 each 

FEATURES 

D Small size  1" x 2" x 0.375" 
D Low power consumption  300 milliwatts 
D High transfer accuracy  ±0.01% 
Q Fast settling output   1 microsecond to ±0.01% of FS. 
O Choice of input type  Single ended or differential 
D Completely self contained ... Includes 8 MOS-FET switches, drivers 

and decoding logic for channel selection 

BLOCK DIAGRAM 

JOKOCI   See note 1 
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1          1          1         1 j i   i-   i'   A" 
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SAMPl^ AND 

HOLD 

•H l^£ HM 

SAMPLE AND HOLD 

MODEL 
SHM-4 

 I 

FOR SIMULTANEOUS SAMPLE AND 
HOLD APPLICATIONS 

FEATURES 
D Fast Acquisition Time 
D Low Droop. ... 
D Ad|ustable Aperture Delay 
O Low Gain Error   .    .    . 
G High Input Impedance   . 

-16VDC-^ 

Sfisec 
20 /iV/msec 
To zero between units 
± 005% 
100 MS2 

BLOCK DIAGRAM - MODEL SHM-4 
OK iij 

© EXT. OFFSET AOJ. 

ANALOG 
INPUT @. 

ANALOG 
GROU 

_, ANALOG 
•0 OUTP'JT 

ANALOG 
Q) GROUND 

DIGITAL 
INPUT/|V 

THRESHOLD  (a) (ST" (S) (S) 
GNO 15V • tsv 

(Y)   APERTURE  DELAV 
/    AOJ   (OPT'ONA'_: 

'0»"1     Hi     «»UHI.IIUUNB"«» 
• Oft itv C.MOt CUMMCt • «v flMIM 
•MOM  »IM •  'O liMOUMO 
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DESCRIPTION 
The SHM-4 it ideally suited to simultaneous 
sample and hold application«, where th« gain 
and aperture dalay bei ween units mutt be 
matched, and where the output droop ot the 
sampled signal it minimized for time shared 
A/D conversion. 

A double inversion circuit in the SHM-4 
places the FET sampling switch near ground, 
which means that all variations of hold step 
and of aperture delay with input voltage are 
eliminated. 

A unique closed loop design gives high accura- 
cy and allows the rate error1 to be factory 
nulled. Rate error is the delay by which the 
output lags an input ramp and may be 
expressed in nsec or in m V / V/fisec. For conven- 
tional sample and hold applications rate error 
is not serious because it merely causes an 
advance in the effective time of hold and 
tends to cancel out part of the aperture delay. 
However, for simultaneous applications the 
aperture delay minus the rate error mutt be 
matched between units so that the affective 
time ot hold is the same for all. The SHM-4 
accomplishes this by nulling the rate error to 
lest than I nanosecond and for critical appli- 
cations, by providing an external S nano- 
second adjustment of aperture delay. Also, 
the high accuracy and low droop of the 
SHM-4 make it useful in conventional sample 
and hold applications. 

Careful attention to circuit detail in elimi- 
nating leakage currents hat decreased the 
output droop to leu than 20 microvolts per 
millisecond allowing several SHM-4 modules 
to be lime shared between one A/0 converter. 

1 Dynamic Accuracy o' 
Circuits. Datei Systems, 
NoteV1-1. 

Datel's Model MM B U a complete eight 
channel solid state analog multiplexer de 
sign.-d lor application» which require last 
output settling and high tianster jccuracy. 

The enure multiplexei is sell contained m a 
plastic module measuring 0.8 cubic inches. It 
contains eight MOS FET switches with JSSO 

Uüied driver ciicuits, each having a cuireni 
limner pull up FET to piuvide minimum 
piopagaliun delay, also included is all the 
necessary decoding logic to enable random 
channel addressing with a lour bit parallel 
binary input. Two MM 8 multiplexers can be 
cascaded to provide up to sixteen channels 
under command tiom one 4-BIT address. The 
addressing logic inputs are compatible with 
DTL/TTL logic levels. 

Full scale inputs can be either -5V or tlOV 
with a transfer accuracy linput to output) o< 
±0.01%. provided ine output load is a mini 
mum ol 10 megohms. The high impedance 
amplifier provided with Datel's ADC E. 
ADC L and ADC M series analog/digital con- 
verters and SHM Series sample/hold's are 
quite suitable for this application. 

Output settling time for each channel is one 
microsecond to r0.01% of full scale and each 
channel can sequentially switch at a 500 KHz 
rate. The output of the eight channels is 
divided into two parallel groups ol four. 

As staled before. MM-8 is complete and 
requires only +5VDC. +15VDC and -15VDC 
(-20VOCI tor operation. 

MM 8 modules are 2"L x l"W x 0 375"H in 
size come fully encapsulated, and feature 
dual •"   me pinning 10.100" grid pin spacingl 

Sample and Hold 
Inc..   Application 
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HIGH RESOLUTION 
ANALOG-TO-DIGITAL CONVERTER 

MODEL ADC-149 

HFPi mm jUhUIr 

»«IT  >.*• 
USv.Oi.-iOvV 

I    S   4    )   I   r   I   t 10 II  II IS 14 SCXtJkL 0*TA 
 LS», OUTPUT 

WUlL UM OUTPUT 

GENERAL DfcSChlMION 
Th« ADC 149 is a 14 bit successive approxima- 
tion lypa analog to digital convenor for OEM 
UM. Ii «vat specifically designed to give high 
resolution and accuracy at moderate cost for 
incorporation into precision instruments for 
process control systems and test and meesure- 
ment systems. 
The ADC 149 can resolve 1 part in 16,384 
giving an operating dynamic range of 84 3dB 
On the 10 volt full scale range it can detect an 
input change of leu than 1 millivolt. Accuracy 
is adtustable to • 005% of lull scale iViLSB. 
The temperature coefficient is held to a low 
•l&ppm/"C over the 0° to 70°C operating 
temperature range. 

This converter accepts either unipolar or 
bipolar input voltages of 0 to -10V, 0 to -20V. 
tSV, or tlOV full scale by external pin 
connection and performs a 14 bit conversion in 
SO Msec Seveial output codes are available 
including straight binary for unipolar inputs 
and either offset binary or two's complement 
for bipolar inputs. Two's complement is 
obtained by using the MSB output pin. Reverse 
coding sense is used with the most negative 
analog input corresponding to lull scele digital 
output. A serial data output is also provided 
and has a nonreturn to-Jtero (NRZ) format 
Logic outputs ate OTL/TTL compatible and 
will drive 6 standard TTL loads 
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ADL PIN CONNECTIONS 

A/D Card Code. 

22 Pin plug 
Fin  Ident. 
No. 
L   NC 
2 .  NC 
3 NC 
k         NC 
5 Ch. Ü 
6 Ch. 1 
7 Ch. 2 
8 Ch. 3 
9 Ch. h 
10 Ch. 5 
11 Ch. 6 
12 
13 
Lb 
15 
16 
17 
18 
19 
20 
21 
22 

From P3 on Prolog Rack 
Input (Command) 16 pin socket 
In 
No 
1 

Ldent. 

Analog 
Voltage 
Lnputs 

Ch. 7 
NC 
Relay plug (spare) 
Relay plug (Alpha Relay) 
Relay plug (Alpha Relay) 
Relay plug (Gnd.) 
NC 
+5 VDC 
+15 VDC  Pwr. Supply 
Gnd.     Buss line 
-15 VDC 

MUX Ch. uOl 
2 MUX Ch. 010 
3 MUX Ch. 100 
k S/H Command 
5 A/D Start 
6 Alpha Reltoy (Incr.) 
7 Alpha R-ilay (ttecr.) 
8 Relay Plug (spare) 

9 to 16 Not used 

Relay Plug 

to Plk Spare Relay 
P17 Gnd. (Logic) 
P15 alpha relay (incr.) 
Pl6 alpha relay (deer.) 
P21 Gnd. (Buss) 

Output (Data) 16 pin socket 
1   A/D Bit Ik  (LSB) 

"  " 13 
" 12 

"  " 11 
" 10 

II II Q 

2 
3 
k 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Ik 
15 
16 

••      .. 3 
II H m 

II .. £ 

ii it e 

it II ^ 

II II o 

II       II p 

" 1 (MSB) 
A/D E.O.C. 

Spare 
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ADL PIN  CONNECTION! 

PROI.OH SYSi'KM    kh Pin Output  l'lug (On Top of Card Rack) 

CODE 

Pin Ident. 
Mo. 

1 Out 1-8 to   P3_8 Relay Plug (spare) 
2 "    1-7 P3-7 Alpha Relay (deer.) 
3 "   1-6 P3-6 Alpha Relay (incr.) 
U "   1-5 P3-5 A/D Start 
5 "   i-k P3-U S/H Command 
6 "   1-3 P3-3 Analog MUX Ch.  100 
7 "    1-2 P3-2 MUX Ch.  010 
8 •    1-1 P3-1 "        MUX Ch.  001 
9 NC 
10 Out 3-8 P»4-l5 DP    (Dec.   Pt.,  Lite Chip 03) 
11 "     3-7 pU-lU DP (Lite Chip 02) 
12 "   3-6 PU-13 DP (Lite Chip 01) 
13 "   3-5 pl*-l2 DP (lite Chip 00) 
11+ "   3-U pU-8 BCD Data    8    (to Lites) 
15 "    3-3 PU-7 BCD Data    h 
16 "   3-2 P^6 BCD Data    2 
17 "   3-1 PU-5 BCD Data    1 
18 NC 
19 ff 

20 If 

21 It 

22 ff 

A Out o-8 
B "    0-7 
C "    0-6 
D "    0-5 
E "    0-k 
F "   o-3 
H "    0-2 TTY Card    JX-12/Jx-lU 
J "    0-1 TTY Card   JX-ll/JX-9 
K NC 
L Out 2-8 
M "   2w7 
N "    2-6 to    PU-10 (+/-  U-te) 
P "    2-5 pl*-9 Lite Enable 
R "    2-U pl»-U Lite MUX 1000 
S "    2-3 PM Lite MUX 0100 
T "    2-2 pl*-2 Lite MUX 0010 
U "    2-1 pl*-l Lite MUX 0001 
V NC 
W ti 

X ii 

y ii 

z •• 
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ADL PIN  CONNECTIONS 

PROIAJ SYi?rtiN    «• k   Hin  I'll IT  Pl'ltf  'On Tup 

COD 

rin    I dent.. 
to. 

1        In 1-8 to Pl-8,    A/D Bit 7 
o 1-7 Pl-7,      "      "    8 
3 1-c Pl-6,      "     "   9 
I» 1-5 Pl-5,      "     "   10 
5 1-1» PI-4,      "     "   11 

M 
1-3 Pl-3,      "     "   12 

7 1-c Pl-2,      "     "   13 
fl l-i Pl-1,       "      "    1^ (LSB) 
9        N c 
10       T n 3-^ NC 
11       ' 3-7 NC 
12       ' 3-6 NC 

13 3-5 to P2-5, Kyb'd Flag 
lU 3-1* P2-4, Kyb'd (1000) 
is 3-3 P2-3,     "        (0100) 
16      ' 3-2 P2-2,     "        (0010) 

17      ' '   3-1 P2-1,     "        (0001) 
18      NC 
19     ' 

f 

20       ' 1 

21      ' I 

22      " 

A        In 0-Ö 
B '    0-7 
C '   0-6 
D '   0-5 
E '    0-4 
F '   0-3 
H '    0-2 
J '    0-1 to TTY Card (JX-17) 
K YC 
L [n 2-8 to Pl-16    NC 
M "    2-7 PI-15, A/D EOC (end of 

N "    2-6 Pl-lU, A/D Bit 1 (MSB) 
P "    2-5 PI-13,     "      "    2 
R "    2-U PI-12,     "      "    3 
S "    2-3 Pl-11,     "       "    k 
T "    2-2 PI-10,     "      "    5 
U "    2-1 pi-09,    "     "   6 
V NC 
W n 

X ii 

y M 

z n 

>1' Cur A  Iwk' 
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APPENDIX C 

MATHEMATICS PACKAGE 

Floating point (P.P.) binary numbers are used internally 

for most internal arithmetic functions. The method is fully 

explained in the following excerpts from the INTEL Users 

Lirrary [3]. 
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800«   BINARY   FLOATING   POINT   SYSTEM 

ARITHMETIC   AND   UTILITY   PACKAGE 

THE   ARITHMETIC   AND  UTILITY   SUBROUTINE   PACKAGE  OF   THE   8008 
BINARY   FLOATING   POINT   SYSTEM   CONTAINS   SUBoOUTINES   FOR 
PERFORMING   THE   BASIC   ARITHMETIC   ANO   UTILITY   OPERATIONS 
AVAILABLE    IN   THE   SYSTFM. 

THF   ARITHMETIC   ANO   UTILITY   PACKAGE    IS   CONTAINED   IN   768 
CONSECUTIVE   WORDS   OF   "EMORYO   BANKS   OF   ROM)    ANO   OOES   NOT 
REQUIRE   THAT   ANY   OTHER   SOFTWARE   BE   PRESENT   IN  MEMORY.      THIS 
PACKAGE   USES   THF   FIRST   54   WORDS   OF   A   RANK   OF   RAM   AS 
SCRATCHPAD   MEMORY. 

THE   INDIVIDUAL   SUBROUTINES   INCLUDED.  IN   THF   ARITHMETIC   AND 
UTILITY   PACKAGE  OF   THF   FLOATING  POINT   SYSTEM   APE   DESCRIBED 
IN   DETAIL   BELOW. 
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ftOOe BINARY FLOATING POINT SYSTEM 

THE ftOOA BINARY FLOATING POINT SYSTEM CONSISTS OF A SET OF 
SUBROUTINES DESIGNED TO PERFORM OPERATIONS ON NUMERIC 
QUANTITIES REPRESENTED IN A SPECIFIC NOTATION.  SUBROUTINES 
APE PROVIDED TO PERFORM A VARIETY OF ARITHMETIC AND RELATED 
OPERATIONS. 

THE SUBROUTINES ARE OESIG^O TO BE STORED AND EXECUTED IN 
REAO-ONLY-MEMORY(ROM) ANO REQUIRE THE FIRST PORTION OF A 
BANK OF READ-WRITE-MEMORY(RAM) FOR SCRATCHPAD MEMORY. THE 
SUBROUTINES ARE SEPARATED INTO A NUMBER OR PACKAGES« EACH 
CONTAINING SUBROUTINES FOR A GROUP OF RELATED OPERATIONS, 
THE AMOUNT OF MEMORY(ROM AND RAM) REQUIRED FOP INSTALLATION 
OF THE SYSTEM IS OEPENDENT UPON THE COMBINATION OF PACKAGES 
TO BE USED. SCRATCHPAD MEMORY IS INITIALIZED BY A UTILITY 
SUBROUTINE WHICH MUST BE EXECUTEO BEFORE OTHER SUBROUTINES 
ARE EXECUTED THE FIRST TIME. 

IN GENERAL. THE SUBROUTINES HAVE SlMILIAR ENTRY AND EXIT 
CONDITIONS.  UNLESS SPECIFIEO DIFFERENTLY IN THE DESCRIPTION 
OF A SPECIFIC SUBROUTINE» THE SUBROUTINES HAVE THE FOLLOWING 
CHARACTERISTICS. 

SUBROUTINES REQUIRING ONE OPERAND TAKE IT FROM AN INTERNAL 
FLOATING POINT ACCUMULATOR, SUBROUTINES REQUIRING TWO 
OPERANDS TAKE ONE FROM THE ACCUMULATOR AND THE OTHER 
FROM THE MEMORY LOCATION INOICATED BY THE CONTENTS OF THE 
H ANO L REGISTERS UPON ENTRY. THE NUMERIC RESULT OF EACH 
OPERATION IS STORED IN THE ACCUMULATOR AND IS RETURNED TO 
THE CALLER IN THE A. R. C. ANO 0 REGISTER«;. . 

UPON EXIT FROM THE ARITHMETIC SUBROUTINES. THE PROPERTIES 
OF THE RESULT ARE INOICATED BY THE SETTINGS OF THE CONTROL 
BITS. 

CARRY BIT = 1  THE RESULT EXCEEDS THE CAPACITY OF THE 
ACCUMULATOR. THE OTHE» CONTROL BITS. THE 
CONTENTS OF THE HAROWAPE REGISTERS. ANO 
THF CONTENTS OF THE ACCUMULATOR ARE 
MEANINGLESS. THIS SITUATION IS ALSO 
INDICATED BY A NON-7ERO QUANTITY BEING 
STORED IN A FLAG WORD. 
THE RESULT IS IN RANGE. THE ZERO AND 
SIGN BITS ARE PROPERLY SET. ANO THE A* B. 
C* AND 0 REGISTERS CONTAIN A REPRESENTATION 
OF THE VALUE IN THE ACCUMULATOR. 
THE RESULT OF THE OPERATION IS ZERO OR 
A QUANTITY TOO SMALL TO BE REPRESENTED. 
THE RESULT IS NON-ZERO. 
THE RESULT IS NEGATIVE. 
THE RESULT IS POSITIVE. 

DATA ARE REPRESENTED IN A NOTATION WHICH DECOROS EIGHT BITS OF 
EXPONENT, ONE BIT OF «IGN. ANO TWENTY FOUP BITS OF FRACTION, 
THE LARGEST MAGNITUDE THAT CAN BE REPRESENTED IS APPROXIMATELY 
3.A • 10 •• 38.    THE SMALLEST NON-ZERO MAGNITUDE IS 
APPROXIMATELY ?.7 • 10 •• -39. THE RESOLUTION OF THE NOTATION 
IS APPROXIMATELY FT.2 • 10 • • -*. I.E.. BETTER THAN SEVEN 
OFCIMAL DIGIT PRECISION. 

CAPRY BIT i 

ZERO BIT « 1 

7ER0 
SIGN 
SIGN 

BIT » 
BIT a 
BIT = 

0 
1 
0 
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DATA VALUES ARE REPRESENTED IN FOUR CONSEOJTIVE MEMORY WORDS 
WHICH HOST BE IN THE SAME HANK OF MEMORY.  THE INTERPRETATION 
OF   THESE WOROS IS SHOWN BELOW. 

WORD 1 IF NON-ZERO* THIS WORD CONTAINS THE 
EXPONENT PLUS A BIAS OF 200 OCTAL«  THE 
EXPONENT INDICATES THE POWER OF 2 BY 
WHICH THE FRACTION IS MULTIPLIED TO 
OBTAIN THE REPRESENTED VALUE.  IF THIS 
WORD IS ZERO THE REPRESENTED VALUE IS ZERO 
AND WORDS 2* 3. AND 4 ARE MEANINGLESS. 

WORD ?. BIT 7    THIS BIT INDICATES THE SIGN OF THE VALUE: 
0 IF POSITIVE. 1 IF NEGATIVE. 

WORO 2. BITS 6-0 THESE BITS PLUS AN ASSUMED 1 IN BIT 7 
ARE THE MOST SIGNIFICANT BITS OF   THE 
FRACTION.  THE FRACTION IS STORED IN 
ABSOLUTE FOPM (UNSIGNEot WITH THE RADIX 
POINT POSITIONED TO THF LEFT OF BIT 7. 
THE VALUE OF THE FRACTION IS THUS LESS 
THAN 1.0 AND EQUAL TO OR GREATER THAN 0.5. 

WORO 1 THIS WOPO CONTAINS THE SECOND MOST 
SIGNIFICANT EIGHT BITS OF THE FRACTION. 

WORD 4 THIS WORD CONTAINS THE LEAST SIGNIFICANT 
EIGHT BITS OF THE FRACTION. 

EXAMPLES OF OATA NOTATION. 
VALUE   WOROl W0R02 WOP03 W0RD4 
0.0     000 XXX XXX   XXX 
•1.0     201 000 000   000 
-1.0     201 200 000   000 
•0.1     175 114 314   314 

100.1     207 310 063   063 

X a OONT CARE 

FLOATING POINT ACCUMULATOR. 

THE FLOATING POINT ACCUMULATOR CONSISTS OR 5 SCRATCHPAD WORDS 
CONTAINING PESPECTIVELV THE ACCUMULATOR EXPONENTT THE 
ACCUMULATOR SIGN* AND THREE WORDS OF ACCUMULATOR FRACTION, 
THE EXPONENT IS RECORDED WITH A BIAS OF 2OO OCTAL, AN 
EXPONENT WOPD OF ZERO INOICATES THAT THE VALUE IN THE 
ACCUMULATOR IS 7ERO AHO THE REMAINING WOROS OF THE ACCUMULATOR 
APE MEANINGLESS. THE SIGN WORO HOLDS 000 IF THE ACCUMULATOR 
IS NEGATIVE. 200 OCTA» IF POSITIVE. THE FRACTION IS RECOROEO 
A«: A NORMALIZED POSITIVE VALUE WITH THE RFTOIX POINT TO THE 
LFFT OF THE MOST SIGNIFICANT BIT OF THE FTRST FRACTION WORD. 

OVERFLOW FLAG. 

THE OVERFLOW FLAG WORD IS PROVIDED AS A CONVENIENCE TO THE 
USER OF THE FLOATING POINT SYSTEM. THE WORD IS INITIALLY SET 
TO ZERO AND MAY BE RESET TO ZERO BY THE U*ER AT ANY TIME. 
W«EN «NY OF THE SYSTEM SUBPOUTINES OETECT AN OVERFLOW 
CONOITION THE OVERFLOW FLAG IS SET NON-7EOO. THUS THE USEP 
MAY CLFAR THE FLAG* PFRFORM A SEQUENCE OF FLOATING POINT 
OPERATIONS* ANO CHECK THF FLAG TO OETERMLUE IF AN OVERFLOW 
OCCURRED ANYWHERE IN THE SEQUENCE. 
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flOOfl BINARY FLOATING POINT SYSTEM 

THF BOO« BINARY FLOATING POINT SYSTEM CONSISTS OF 
SET OF SUBROUTINES DESIGNED TO PERFORM ARITHMETIC 
OPFRATIONS ON NUMERIC QUANTITIES REPRESENTED IN 
MEMORY. 

FACH NUMFRIC QUANTITY OCCUPIES FOUR CONSECUTIVE WORDS 
(3? BITS) OF MEMORY.  THF LARGEST MAGNITUDE THAT CA* 
RC REORESENTEO IS APPROXIMATELY 3.6 TIMES TEN TO THF 
3*TH POWER.  THE SMALLEST NON-ZERO MAGNITUDE THAT 
CAN BE REPRESENTED IS APPROXIMATELY 2,1   TIMES TEN TO 
THF MINII« 39TH POWER.  EACH NUMERIC QUANTITY IS 
REPRESENTED WITH A PRECISION OF ONE PART IN 
APPRO*IMATFLY 1 <S »00ft, 000. 

THF SOFTWAPF CONSTITUTING THE FLOATING POINT SYSTFM 
IS OIVIDEO INTO TWO SECTIONS. EACH OF WHICH OCCUPIES 
3 BANKS OF ROM OR RAM.  SECTION I IS INDEPENDENT OF 
OTHER SOFTWARE.  SECTION ? IS 0PEPA8LE ONLY WHFN 
SFCTION 1 IS AVAILABLE IN MEMORY.  IN ADDITION TO 
MEMORY REQUIRED FOR PROGRAM, A3 WOROS OF RAM ARE USEO 
AS SCRATCHPAD. 

SOFTWARE SFCTION 
SUBROUTINES! 

1 CONTAINS THF FOLLOWING 

LOO - LOAU SPECIFIED DATA INTO THE FLOATING 
POINT ACCUMULATOR. 

AOO - ADO SPECIFIED DATA TO THE FLOATING POINT 
ACCUMULATOR. 

SUB - SUBTRACT SPECIFIED DATA FROM THE FLOATING 
POINT ACCUMULATOR. 

MUL - MULTIPLY SPECIFIFD OATA TIMES THE FLOATING 
POTNT ACCUMULATOR. • 

OIV - DIVIDE SPECIFIED DATA TNTO THF FLOATING 
POINT ACCUMULATOR. 

TST - SET CONTROL BITS TO -INDICATE ATTHBUTtS 
OF THF FLOATING POINT ACCUMULATOR. 

CHS - CHANGE THE SIGt-1 OF THE FLOATING POINT 
ACCUMULATOR. 

ABS - SET THE SIGN OF THF FLOATING POINT 
ACCUMULATOR POSITIVE*. 

STR - STORE IN SPECIFIED MEMORY THE VALUF IN THE 
REGISTERS AS RETURNED «Y OTHER SUBROUTINES. 

INIT - MOVE CODE FROM ROM TO RAM IN PREPAPA1ION 
FOR EXECUTION OF THE MUL ANO OIV SUBKOUTINFS. 
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SOFTWARE SECTION ?  CONTAINS SUBROUTINES WHICH APE 
U*EO TO CONVERT DATA BETWEEN THE BINARY FLOATING 
POINT FORMAT ANO A DECIMAL FORMAT SUITABLE FOR 
ENTRY OP DISPLAY ON INPUT/OUTPUT EQUIPMENT.  THE 
DECIMAL FORMAT IS STORED IN MEMORY AS A SEPIES 
DF CHARACTERS.  RELATIVELY SIMPLE INPUT/OUTPUT 
ROUTINES MAY BE USED TO INTERFACE THE MEMORY- 
RE« IOENT CHARACTER STRINGS WITH ANY TYPE OF PHYSICAL 
I/O DFVICE. 

THE CHARACTER STRINGS CONSIST OF BCD REPRESENTATIONS 
OF DECIMAL DIGITS AND ARBITRARY REPRESENTATIONS OF 
• t -t .. AN EXPONENTIAL SIGN(LETTER E>» AND SPACE. 
CHAPACTER STRINGS MAY NOT CROSS MEMORY BANK 
HOUNOAPIES.  AN INPUT STRING IS THEREFORE LIMITED 
TO ?S6 CHARACTERS.  AN OUTPUT STPIMG CONSISTS OF 
13 CHARACTERS. 

THF OUT SUBROUTINE GENERATES CHARACTER STRINGS IN 
2 FORMATS» THE CHOICE OF FORMAT DEPENDS ON THE 
MAGNITUDE OF THE VALUE REPRESENTED. 

MAGNITUDES BETWEEN .1000000 AND 9999999. ARE 
REPRESENTED BY A SPACE OP MINUS SIGN« SEVEN 
DECIMAL DIGITS ANO AN APPROPRIATELY POSITIONED 
DECIMAL POINT. ANO FOUR SPACES. 
MAGNITUDES OUTSIDE THE RANGE ARE REPRESENTED 
BY A SPACE OR MINUS SIGN« A VALUE BETWEEN 
1.000000 AND 9.999999. AN EXPONENTIAL SIGN« AND 
A SIGNED TWO-DIGIT POWER OF TEN. 

THE IMP SUBROUTINE CONVERTS CHARACTER STRINGS IN 
EITHER OF THE ABOVF FORMATS. OR A MODIFIED 
VERSION OF THEM,  THE LEAOING SIGN MAY BE INCLUOEO OR 
OMITTED.  ANY NUMBER OF DIGITS MAY BE USED TO 
INDICATE THE VALUE. WITH OP WITHOUT AN INCLUDED 
DECIMAL POINT.  IF A PO*ER-OF-TEN MULTIPLIER IS 
INDICATED IT MAY BE SIGNED OR UNSIGNED ANO MAY 
CONTAIN ONF OR TWO DIGITS.  AN INPUT STRING IS 
TERMINATED BY THE FIRST CHARACTER WHICH OEPAPTS 
FROM THE FORMAT. 

THF FOLLOWING ARE EXAMPLES OF INPUT ANO CORRESPONDING 
OUTPUT CHARACTER STRINGS. 

3.1M593 
-.0000000000001 
•1.6E5 
123456789 
S4321E-10 
-2718281B2BF-9 

3.1415«0 
-1.000000F-13 
160000.0 
1.234568E*08 
5.43?100E-06 

-2.718282 
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8008 BINARY FLOATING POINT SYSTEM 

FORMAT CONVERSION PACKAGE 

TNF FORMAT CONVERSION PACKAGE OF THE 800« BINARY FLOATING 
POINT «.YSTFM CONTAINS SUBROUTINES FOR THE CONVERSION OF 
DATA BETWEEN THE FLOATING POINT SYSTEM NOTATION AND TWO 
OTHER FORMATS.  THE NON-FLCAIING-P01NT FOoMATS APE FOUR 
WORD FfxEO POINT FORMAT AND VARIAHLE LENGTH CHARACTER STRING 
FORMAT. 

THE FOOMAT CONVERSION PACKAGE IS CONTAINED IN 51? CONSECUTIVE 
WORDS OF MF.MOWYC2 BANKS OF ROM) AND REOUloES FOR ITS 
EXECUTION THAT THE ARTTHMETIC AND UTILITY PACKAGE BE 
AVA1LAHLE IN MEMORY.  THE COMHINATlON OF THIS PACKAGE ANO 
THE ARITHMETIC ANO UTILITY PACKAGE USES THE FfrtST 6« WOROS 
OF A BANK OF RAM AS SCRATCHPAD MEMORY. I 

THE FIXED POINT FORMAT OATA PROCESSEO BY THIS PACKAGE 
CONSIST OF   3? HIT BINARY NUMBERS OCCUPYING FOUR WOROS. 
T*OS COMPLEMENT NOTATION IS UStD TO REPRESENT NEGATIVE 
VALUES. 
TMF POSITION OF THE BINARY POINT »ELATIVE TO THE 
BITS REPRESENTING THE VALUE IS DENOTED BY A BINARY 
SCALING FACTOR.  THE BINARY SCALING FACTOo IS NOT NORMALLY 
RECORDED IN THE COMPUTER« BUT «MEN A FORMAT CONVERSION 
SUBROUTINE IS CALLED THE BINARY SCALING FACTOP MUST bE 
^PECIFIFDCIN THE E REGISTER).  A BINARY SrALlNG FACTOR OF 
iZERO INOICATES THE BINARY POINT IS IMMEOUTELY TO THfc LEFT 
OF THE MOST SIGNIFICANT OF THE 32 HITS REPRESENTING THE 
VALUE.  A BINARY SCALING FACTOR OF 32 INOlCATFS TMF BINARY 
POINT IS IMMEDIATELY TO THE RIGHT OF   THE I EAST 
SIGNIFICANT HIT.  THE PERMISSIBLE RANGE OF THF BINARY 
SCALING FACTOR IS -1?<H200 OCTAL) TO »127«177 OCTAL». 

I 
;THE CHARACTER STRING FORMAT DATA PROCESSEO BY THIS PACKAGE 
CONSIST OF   BINARY REPRESENTATIONS OF   CHARACTERS OCCUPYING 
'CONSECUTIVE WOPOS OF MEMORY.  A CHARACTER STRING MAY NOT 
CROSS A MFMORY BANK BOUNDARY.  TH£ CHARACTERS WHICH MAY BE 
ilNCLUOFO IN A CHARACTER STRING, ANO THE CoRRESPONOING 
OCTAL REPRESENTATIONS ARE LISTEO BELOW. 

f 

DECIMAL DIGITS   OOOB-OllB BCO DIGITS 
SPACE 360B 
• 373B PIUS 

3*SB MINUS 
37fB DECIMAL POINT 

i       EXPONENTIAL SION 02SB LETTER E 
•THESE OCTM. REPRESENTATIONS CAN BE CONVERTED TO THE 
CORRESPONDING ASCII CHARACTERS HY AOOING OhOB TO EACH) 

THE OUT SUBROUTINE GENERATFS CHARACTER STRINGS IN TWO 
FORMAT«;. EACH CONSISTING OF 11 CHARACTERS.  THF FORMAT 
USEO IN A SPECIFIC CASE IS DEPfNOENT UPON THE MAGNITUDE 
OF THE VALUE REPRESENTED. 
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SIGNIFICANCE   INOEX 

THE   FLOATING  POINT   ADD   ANO   SUBTRACT   SUBROUTINES  RETURN   A 
SIGNIFICANCE   INOEX   TO   THE   USER   WHEN   THE   RESULT  OF   THE 
OPERATION   IS  NOT   ZERO.      THIS   INOEX   GIVES   AN   INOICATION  OF   THE! 
CHANGE   IN   THE   VALUE   OF   THE   ACCUMULATOR  EXPONENT   AS   A  RESULT 
OF   THE   ARITHMETIC   OPERATION   PERFORMED.      IT   IS   USEO   PRIMARILY 
FOR  COMPARISON  OF  TWO  VALUES  WHICH  ARE  EXPECTED   TO  BE  EBUAL* 
BUT   WHICH  MAY   DIFFER   BY   A   SMALL   AMOUNT   OUF TO  MEASUREMENT  OR 
ROUNO-OFF  ERRORS*     AS   AN  EXAMPLE*   A   SIGNIFICANCE   INDEX  OF 
354  OCTAL   <-?0   DECIMAL)   INDICATES   THAT   THF  RESULT  OF   THE 
OPERATION   IS   SMALLER   THAN   THE   OPERANDS  BY   A  FACTOR  OF 
APPROXIMATELY  ONE  MILLION   (2  ••   20). I 
THE FLOATING POINT TEST« COMPLEMENT ANO ABSOLUTE SUBROUTINES 
RETURN THE SIGNIFICANCE INDEX FROM AN IMMFOIATELY PRECEEDING 
ADD  OR   SUBTRACT   OPERATION. 
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HEXADECIMAL NOTATION [4} 

Hexadecimal Notation is a convenient way of representing all sixteen 
combinations of four bits of information with a single character.  The 
most popular character set for displaying Hexadecimal data are the 
characters 0 thru 9 to represent the binary combinations 0 thru 9 and 
A B C D E and F to represent the binary combinations 10 thru IS. 

Hexadecimal 
Characters 

Binary Bits 
8 4 2 1 

Decimal 
Characters 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 

0 0 0 0 
0 0 0 1 
0 0 10 
0 0 11 
0 10 0 
0 10 1 
0 110 
0 111 
10 0 0 
10 0 1 
10 10 
10 11 
110 0 
110 1 
1110 
1111 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

As an extension of this technique, all 256 combinations of 8 bits can 
be represented by two hexadecimal characters as shown in the following 
examples. 

Hexadecimal Binary Decimal 
Characters Bits Characters 

00 0000 0000 0 
01 0000 0001 1 
3E 0011 1110 52 
42 0100 0010 66 
El 1110 0001 225 
FF 1111 1111 255 

Going further, all 4096 combinations of 12 bits can be represented by 
three Hexadecimal characters.  This technique can be extended indefin- 
itely, adding a Hexadecimal character for each four bits of information. 
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